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CHAPTER 1 

Introduction to the Issues 



There is no shortajcc of manuals and IhkjIls offering - wisdom on low back health. Authors 
range from those with formal medical or rehabilitation [raining to laypeople who have found 
an approach to alleviate fbeir own back troubles -.mil become s-tft f- prf>t: I :i i ni^ l] low hack heahh 
prophets. Their intentions are honorably but their advice is rarely leased on a sound scientific 
foundation. Too many of these authors offer inappropriate recommendations or even harmful 
suggestions. Years agn> as 1 began to develop scientific investigations into various aspects of low 
back problems, I would ask my graduate students to find the scientific foundation for many of 
the ^comiuonsense^ recommendations I was hearing both in the clhue and in industrial settings, 
lu my surprise they often reported that the literature yielded no 1 or very thin, evidence (note 
that 1 choose my students carefully and that they are very competent and reliable). IL\ainples of 
such thinly supported "coimnonseiise" recommendations include the following: 

* Bend the knees to perform a sk™up. 

■ Bend the knees and keep the back straight to perform a lift. 

■ Take yoga and Pilates classes — they are good for the back. 

■ Reduce the load being handled in order to reduce the risk of back troubles, 

* Stretch the hamstrings if you have a had back and le^ pain, and so on, 

In fact, each of these recommendarions may be appropriate in some situations but, as will he 
shown, not in all- 

"The famous economist John Kenneth Galhrairh was well known for demonstrating that actions 
based on common wisdom ,, at least in economic rerms, were often doomed to fail. He stated that 
common wisdom is generally neither common nor wise. Galbraith eloquently expressed exactly 
what I had experienced with "clinical wisdom 7 * pertaining to die low back. Many attempts at 
pre venting low back f roubles and rehabilitating symptomatic ones have failed simply because 
they relied on ill -conceived clinical wisdom. This history of failed attempts is particularly un- 
fortunate because it has lent credence to the assertions of a number of increasingly well-known 
"authorities 1 * that low back injur)? piievenrion ant! rehabi Si ration programs are a waste of resources, 
These authorities claim that the majority of low back problems are not organic at all — that, 
for example, most of these difficulties have materialised because workers are paid too much for 
injury compensation, have been subjecr to psychosocial influences, or crave sympathy, J These 
iiismissals of back injury- are not justified. Back injury prevention and rehabilitation programs 
with strong scientific foundations, executions, and follow-up can be effective. 

Having stated this, I must acknowledge that justifying improved practice on scientific evi- 
dence is a dynamic process., With new evidence., the foundation will change. To account for such 
inevitable shifts, I have developed a 1 1 illum ed approach in these pages, reviewing the assets and 
liabilities and opposing views of an argument where appropriate. But hir warning! As you read 
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this book, be prepared to challenge current thoughts and rethink extrrenLly accepted practices 
of injury prevention and approaches to rebahiliration. 

This chapter will familiarize you with some of the debatable issues regarding low back 
function, together with some opinions that rehabilitation professionals hold about patients, 
diagnosis, compensation* and disability. It will also explore rhe circumstances that lead to back 
injury and discuss the need to apply this knowledge to improve low back injury prevention and 
rehabilitation. 

Legislative Landscape: 

The Unfortunate Adverse Impact on Bad Backs 

Although most legislation and legal activity involving had banks are enacted with good inten- 
tion^ much is counterproductive. A good example is the issue of spine range of motion (ROM). 
The American Medical Association (MIA) guidelines (I 990) for quantifying the degree of back 
disability are based mostly on loss of spine ROM, Lawyers and compensation boards thar need 
numbers tor the purpose of defining disability 7 and rewarding -compensation have latched onto 
spine ROM its an directive and easily measured factor. In the legal arena, therapy is considered 
successfiil when the ROM has been rwoi'ed or :u I en si improved, 

Scientific evidence suggests, however, that after hack injury many people do not do well with 
an emphasis on enhancing spine mobility. In some c ases, back problems are actually exacer- 
bated by this approach. In faa, evidence shows that many back in juries improve with stabilizing 
approaches — motor control trainings enhancement of muscle endurance^ and training with, the 
spine in a neutral position (Saal and Saal, I may be- considered the classic work}, Our most 
recent: work has shown rhat three-dimensional low back ROM has no correlation to functional test 
scores or even the ability to perform occupational work (Parks et al., 2003). In the l>cst practice, 
spine flexibility may not be emphasized until the very late stages of rehabilitation, if even 

How, then, did this idea of 11 edibility as the besi measure of successful rehabilitation become 
so entrenched? The current metric tor determining disability appears to have been chosen 
for legal convenience rather than for a positive impact on low back troubles. The current 
landscape creates a reward system For therapy that arguably binders optimal rehabilita- 
tion. Perhaps rhe criteria for determining disability need to be reassessed and jnstihed uirh 
scientific evidence. 

Another example illustrates the perverse impact of we 1 1 -intended equity legislation. We all 
have etmal rights under rhe law, bur we are not physical equals. Although individual variance 
is present in every group, different populations within society demonstrate quite different 
capabilities. For example, the data ofjagtr and colleagues (1991% compiled from many studies, 
clearly showed that young men can tolerate more compressive load down their lumbar spines 
than can older men> and simtlarly> men can tolerate about an additional third more load than can 
women when matched for age. Yet human rights legislation h which is designed to create fairness 
and equity by discouraging distinctions among groups, actually puts older females, at greater 
risk than younger men. By not allowing a 64-year-old osteoporotic woman to be treated (and 
protected) differently from a 20-year-old, fit, 90 kg (200 lb) male in terms of tolerating spine 
load T the legislation presents a major barrier for intelligently implementing tolerance-based 
guidelines for protecting workers. 

Deficiencies 

in Current Low Back Disorder Diagnostic Practices 

It ih currently popular for many authorities to -suggest that track trouble is not a medical condi- 
tion, ITiey assert that physical loading has little to do with low back injury compensation claims; 
rather, they believe workers complain of back problems in order to benefit from overly gener- 
ous LoriifRjnsatjon packages i >r to convince- physicians they are sick, According to this view s any 
hiomecbanically based injury prevention or rehabilitation program is useless. Variables, within 
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the psychosocial sphere dominate any biological or 'mechanical variable. If this is true, then this 
hrok is of no valise — it should he about psychosocial inrervention. 

Those who contend that psychosocial factors dominate low track issues are well-published sd- 
end sts and physicians. For example, Professor Richard Deyo(lWft) summarized a common view; 
"Consider the following paradox. The American economy is increasingly pustindustrial. with 
less heavy labor, more automation and more roboLics, and medicine has consistently improved 
diagnostic imaging of the spine and developed new forms of surgical and nonsurgical therapy 
But work disability caused by back pain has steadily risen/* 1 his line of 'reasoning- assumes that 
modern work (i.e., more repetitive, more sedentary) is healthier For the Ijaek than thepredomi- 
itantfy physical labor of past generations. The evidence suggests, however, that the repetitive 
motions required by some specialized modem work, or the sedentary nature characterizing 
others^ produces damaging biomechanics! srressors. In fact, the variety of work performed by 
our great-grand parents may have been far healthier than our awn. Deyo also seems to assume 
that nonsurgical therapy has been appropriately chosen for each individual, whereas I suggest 
that inappropriate therapy prescriptions remain quite comEiion. 

Furthermore, although J agree that there is more reliance on medical unarms;, f suspeti 
that this reliance has resulted in a loss in the mechanically based diagnostic skills that are a 
crucial factor in accurate diagnosis. Interestingly, magnetic resonance imaging (MR J) has been 
documented to find — among other features — disc bulges, trophic facet joints, and "degenera- 
r i v l- disc disease/' yet these have little relationship to whether the individual has pain or not. 
Ciibson and colleagues (1980) present evidence regarding plain film radiographs; and McCill 
and Vmgling(lW) and Zhao and colleagues {7(305) discuss why such images are compromised 
in showing actual damage. Savage and coworkers (1 997) showed there is little !ink Irarween 
the image and the patients symptoms. Without question the images are of great value for the 
surgeon who must "cut out the pain," hut only if the image finding corroborates the specific 
clinical symptoms of the patient. 

Professor Alf Nachemson (1992) wrote that "most case control studies of crosssectional 
design that have addressed the mechanical and psychosocial factors influencing I -BP (low back 
pain), including job satisfaction, have concluded that the latter play a more important role than 
the extensively studied mechanical factors" Yet none of the several references cited to support 
this opinion made reasonable quantification of the physical job demands- Generally; these stud- 
ies showed that psychosocial variables were related to low back troubles, but in the absence of 
measuring mechanical loading, they had no chance to evaluate a loading relationship, 

Filially; Dr. Norrin Hadler (20(H) has been rather outS|>oken^ stating, for example* that "it U 
unclear whether there is any meaningful association between task content and disabling re gionaS 
musculoskeletal disorders for a wide range of physical disorders' 1 and that "on the other hand, 
nearly all multivariate cross sectional and longitudinal studies designed to probe for associa- 
tions beyond the physical demand of tasks, detect associations with the psychosocial context of 
working," 

Recent evidence clearly shows that, although psychosocial factors can be important in 
modulating patient behavior, biomechanical components are important Ln leading to low back 
disorders and in their prevention. "The position that biomechanics plays no role in back health 
and activity tolerance can he held only by those who have never j>crformed phi's ical labor and 
have not experienced firsthand the work methods that must be employed to avoid disabling 
injur\ r , While the scientific evidence is absolutely necessary, it will only confirm the obvious to 
those who have this experience. I find it perversely satisfying when physicians tell me that they 
are now, after missing work as a result of a nasty back episode related to physical work, able to 
relate to their patients. Perhaps experience with a variety of heavy work and with disabling pain 
should he required for some medics! 

It is, then, essential to investigate and understand the links among loading* tissue damage 
nr imtation T psychosocial factors, and performance to provide dues rbr the design and imple- 
mentation of better prevention and rehabilitation strategies for Jow hack troubles. Founded on 
this rubric, chapter 7 will strengthen the case hor pcrli inning provocative testing to discover the 
cause of a patient's pain and will provide an algorithm to guide that approach, In the following 
sections 1 will address several commonly held beliefs about back injury. 
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Is It True That 85% of Back Troubles 
Are of Unknown Etiology? 

Low back injury re[*orts often mention the statistic that 85% of low back tumbles are of unknown 
etiology. 'I'hih has ltd to thy popular hdief rhai disabling 1 back troubles are inevitable and just 
happing a statement that defies the plethora of literature linLdn^ specific mechanical scenarios 
to specific tissue damage. Sonic have argued that this statement is simply the product of poor 
diagnosis — or of clinicians reaching the end of their expertise (e,g„ Finch, I9W), In fairness 1 
must point out that diagnosis often depends on the profession or *hc diagnostician. Each group 
attempts to identify the primary dysfunction according to its particular type of treatment. Tor 
example, a physical therapist will attempt diagnosis to guide dedsions regarding rnanual therapy 
approaches^ while a surgeon may find a diagnosis directed toward making surgical decisions more 
helpful Some clinicians (surgeons, for example) seek a specific tissue, as a pain candidate, From 
this perspective, nerve block procedures have shown conclusive pain source diagnosis in well 
over 50% of cases (e.g, t Bngduk etal- h 1096; Lord et fiiy, 1996; Finch, 1999), This has prompfed 
research into which tissues arc innervated and arc candidates as pain generators. Biomechanlsts 
often argue tliat this may be irrelevant since a spine with altered biomechanics has altered tissue 
stresses. Thus i d imaged tissue may cause overbad on another tissue, causing pain whether the 
damaged tissue is innervated or not. 

This is why other clinicians employ skilled provocative mechanical loading; of specific tissues 
to reveal those that hurr^ or at least to reveal loading patterns or motion patterns that cause 
pain. Incse types of functional diagnoses are helpful in designing therapy and in developing 
less painful motion patterns, but the process of function a] diagnoses will be hindered by a poor 
understanding of spine biomechanics. Furthennore P thi>se with a thorough understanding of 
the biomechanics of tissue damage can be guided to a general diagnosis by reconstructing the 
instigating mechanical scenario. An additional benefit of thin approach is that once the cause 
is understood, it can be removed or reduced, Unfortunately, many patients continue to have 
troubles simply because they continue to engage in the mechanical cause. Familiarity with spine 
mechanics will dispeS this myth of undiatmosable back trouble and reduce the percentage of 
those with back troubles of no known cause. 

Even with a tissue-based diagnosis, the practice of treating all pa dents who have a specific 
diagnosis with a singular therapy has not proven productive (Rosc n 198°), For example, success 
rates with many cancer therapies greatly improved with the combination of chemotherapy and 
radiotherapy. Optimal back rehabilitation requires removal of the cause and the addition perhaps 
of stability, manuaf soft tissue therapy, or something else dependingon the patient. Few patients 
fall into a "complete fit* for functional diagnosis where a singular approach will yield optimal 
results, Horb for interpretation of the lirtramre and for clinical decision making, it would appear 
prudent to question the diagnostic criteria needed before a given diagnosis is assigned. 

Limitations m tissue-based diagnosis should not be used to suggest that determining the cause 
of hack tmuhles is irrelevant or rhat the manual or medical treatment in some cases is fruitless, 
leaving psychosocial approaches to prevail by default. Even given the current limitations, the 
diagnostic: approach is productive fi>r guiding prevention and rehabilitation approaches. But 
what is meant by this "apprtiach"? Read on! 



Diagnosis by Hypothesis Testing 

Geoff Maitbnd (I9H7)> the Australian physiotherapist, years ago promoted the concept of 
examining the patient and forming a working hypothesis. The hypothesis was used to guide 
treatment and project die prognosis. The hypothesis was then tested and refined as rehabilita- 
tion progressed. Our approach* which incorporates a strong biomechanical foundation and 
blends expertise from various biomedical and psychosocial disci plines> is strongly aligned with 
Maitlands proposition. An initial impression is formed from the first meeting of jjatients in the 
wailing room— from observing rheir sitting posture, how they rise from the chair, their initial 
gait pattern, and so on. Then a history is taken to look for possible candidate injury mechanisms 
as well as perceived pain eKaccrbators and relievers. Observation continues during some hasic 
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iiiiMiivi ^.il.Cv'i in -li:; L'\ -.ilu-iliiin pvokV 1 - |iicnxv:U, iklvina furl her mlo 1 1 1 e nitrt_Si:ii! ,iin'l 
nature of the symptoms. Then provocative tests are performed to either strengthen or weaken 
the hypothesis. Morion and motor patterns that are tolerated arc identified. All information is 
used to formulate the plan fur cor recti ve exercise and the scarring dosage of tolerable therapeutic 
evercise, The progression concludes with functional greens and tests that a re chosen based on 
information obtained in the preceding process. In chili way a functional diagnosis es [insured that 
insufficient for considering exercise, choice and rates of subsequent progression. The cause has 
been identified together with synipioms of abnormal motion and motor patterns, The course 
of prevention and rehabilitation now has some quantitative guiding parameters 

Is It True That Most Chronic Back Complaints 
Are Rooted in Psychological Factors? 

While there is no doubt that many chronic back cases have psychological overlays, the signifi- 
cance oi psychology for back problems is often greatly exaggerate*! . Dr, Ellen Thompson (1^97) 
coined the phrase "bankrupt expertise 11 when referring Co spine dots who .ire unable Co guide 
improvement in their patients and default 10 blaming the patients and their psychoses. These 
physicians either dismiss mechanical causation or assume chat mechanical causa rion has been 
adequately addressed. 

At our university clinic I see patients who have been referred by physicians for consult These 
are either elite performers or the very difficult chronic had hacks who have failed with all other 
approaches. In spite of the fact that these people have received very thorough attention, I am 
vuFumuiiJh heanhmken to heir about the minimal notice paid to ongoing kick -iirvsHoni and 
about die exercises that these "basket case backs* have been prescribed that have only exacerbated 
their condition. The day Iwrfore I wrote this section, I saw a classic example, 

A woman had suffered for five years on disabilicy and had seen no fewer than 12 specialists: 
from a variety of disciplines. Although several had acknowledged that she had physical concerns, 
her troubles were largely attributed Co mental depression. She consistently reported being 
unable to Col era Ce specific activities while being able to tolerate others, Some provocative Cest- 
ing confirmed her report together with uncovering a previously undiagnosed arthritic hip r Kor 
years she had been faithfully following the instructions of her health care providers to perform 
pelvic tilts,, knecs-to-ehest stretches first thing in the morning, and sit-ups; ti> take her I .Lrge tk>u; 
for walks* and so on, All of these ill-chosen suggestions had prevented her posterior disc (with 
sciatica}-hased troubles from improving, As we will see later h these types of troubles typically do 
not recover with flexion-based approaches — particularly first thing in the morning. Moreover, 
the lead- imposed torsional loads thai she experienced every Lime she walked her dog exceeded 
her tolerance. Although she reported vacuuming as a major exacerbaror of her troubles, her 
healch care providers had never shown her bow to vacuum her home in a way Co spare her I rack, 
I suggested that removing these daily activities and replacing the flexion stretches with neuiraf 
spine position awareness training and isometric torso challenges would likely srart a slow, pro- 
gressive recovery pattern. I belie ved that her psychological concerns would probably disappear 
with her back syniptams if she fell into the typical pattern, This patient, with this typical stiorjf, 

off her antidepressant meditation at the time of proofing this manuscript.) 

None of die "experts" diis woman had seen — including physical therapists, chiropractors, 
psychologists, physiatrists* neurologists, and orthopods— addressed mechanical concern*, This is 
not to condemn these professions hue rather Co suggest that sharing experiences and approaches, 
will help us co be more successful in helping bad backs. Perhaps these professionals were unaware 
of the principles of spine function, [he types-of loads that are imposed on the spine tissues during 
certain activities, and how these activities and spine postures can be changed to greatly reduce 
the loads — in other words, the biomechanical components. 

This book is an attempt to heighten the awareness and potential of this mechanical approach, 
While it sounds very harsh, 1 have found relatively few experts w r ho appear willing to adequately 
address the causes of back troubles while working to find chc most appropriate therapy. My 
years of laboratory-based work p combined wjih collaboration in recent years with my clinical 
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colleagues, ha^e provided mi with unique insight. As a result, I am not so quick to blame the 
chronic: patient 

Does Pain Cause Activity Intolerance? 

Evidence that mechanical tissue overload causes damage is conclusive. But does the damage canst: 
pni.il, and docs the chronic pasfl cause work intolerance? Several, but limited numbers of, studies 
have documented the mechanical or chemical stimulation of tissues to reproduce clinical pain 
patterns (The absence of definitive. lanJc-scaJc studies is due to the ethical issues of performing 
invasive procedures and probably not to lack of scientific merit in such studies,) For example, 
she pioneering; work of Hirseh and colleagues ( 1 .963-64) documented pain from the injection of 
hypertonic saline into specific spine tissues thought to he candidates for damage. Subsequent to 
this work, several other studies suggested the Jink between mechanical stimulation and pain, for 
example, the work of Hsu and colleagues (LMKK) documenting pain in damaged discs, 

I here is irrefutable evidence that vertebral disc end-plate fractures are very common and 
result only from mechanical overload (Brinckmann, Biggeniann K and Hilweg, [$8% Gunning, 
Callaghan> and MeGdL 2001). That rhese fracrures are also found in necropsy specimens that 
were subjected to whiplash (Tsykir, Twomey, and Corker, t?9fl) also strengthens another Facet 
of this relationship.. Hsu performed dlscograms (injections, of radio contrast) into 692 discs, of 
which 14 demonstrated leakage into the vertebral body, confirming an end-plate fracture. Four 
of these discs (28%) produced severe pain, nine (64%) produced Fully concordant pin. and 
one produced mildly discordant pain.. In contrast, only 11% of the remaining 678 discs with 
no end-phte disruption, produced severe pain, } I % concordant pain, 17% mild pain, and 41% 
no pain. This evidence provides strong support for the notion that loading causes damage and 1 
damage causes pain. 

Fven though pain can limir function and activity in other areas of the body, some still sug- 
gest that these are not linked when a hat! hack is at issue, lease! I (1997) provided an interesting 
perspective when he argued that in sports medicine, a supposed to occupational medicine, it is 
well accepted that some injuries require months of therapy or can even cause reureniem from 
the activity. He noted that athletes receiving specialized sports medicine care are an interest- 
ing group to consider since many are highly motivated, are in top physical condition, are we If 
paid T have access to good medical care, and are fully compensated even while injured. Their 
injuries and pain can cause absence from play for substantial amounts of time and can even end 
their lucrative careers, lease! E reminded us that not all lousr-term chronic pain is an entirely 
psychosocial concern, as implied by some clinicians. These clinicians 1 dismissal of the useful- 
ness of physical approaches simply because they have not been successful in reducing long-term 
troubles is a disservice to the patient, 

Inadequacies in Current Care 

and Prevention of Low Back Disorders 

Many hack patients can testify diat the care they have received tor their troubles is not satis- 
factory. What ate some of the factors thai contribute tea the inadequacy of their experience? 
Certainly i > ik 1 J;n-n>r is the tart ihac rhc t-pidtnnioto^n'cal t^idenee on which many professionals 
base, their treatment recommendations can Ihj quite confusing, Folio wing are some examples 
of tilt issues that cause confusion. 

* Pfetham of ftitdies on "Jtartash&* Nonspecific "backache 1 ' is nearly impossible to 
quantify and+ even if it could be quantified, offers no guidance for intervention. As such, any 
study of treatment interventions on nonspecific backache is or" little use. Some backs suffer with, 
diseogenic problems, for eomple, and will respond quite differently from those with ligamen- 
tous damage or facet-based problems, Kfficscy studies that do notsubclassify bad backs end up 
with nonspecific "average" responses. This has led to the belief that nothing works — fir that 
everything dues, but to a limited degree. More studies on nonspecific backache treatment will 
run \k helpful, nnr wjlj the large epidemiological reviews of these studies offer reaS insight 
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Iti contrast:, patients with treatment matched to the condition experience greater short- and 
lonc^Term reductions in disability than those receiving unmatched treatments (Brennan et aL, 
2006). 

■ U-jb&p&d fitntfion of hading ami salting injury risk. 1 .ik- man* health -r dared 
phenomena^ the relationship of low hack tissue loading to injury risk appears fin form a. U- 
shaped function — not a irirjuotonically rising line. For example, virtually every nutrient will 
cause poisoning with excessive dosage levels, but health suffers in their absence; thus, there is -a 
moderate optimum. In the case with low f>ack loading evidence suggests that two regions in the 
L'-4iapud relationship arc problematic — too much and too little. Porter (1^87) suggested that 
heavy work is good for the back — but how does one define heavy? Porter was probably referring 
to work of sufficient challenge and variability to reach the bottom of the U and hence lower 
symptoms, Fitjm a biological pLT-ix'ctivc, sufficient loading is necessary to cause strengthening 
and toughening of tissues, but excessive levels will result in weakening. This lack of consensus 
in the literature regarding the measurement of exposure has been problematic (Marras et ah, 
2000), A more advanced understanding is required, 

* Relationship uf intern ity. ditrtttiow u/~ folding, ft ml rest periods ; A s Fe rt! n st n i a n d .\ I a rra h 

( l ( ^7) pointed out, some studies suggest that ft certain type unloading is not related to pain, 
injury, or disability, while others suggest it is, depending on how the exposure was measured 
and where the moderate optimum for tissue health resides for the experimental population. The 
subjectivity of such studies is further underscored when we consider the question of whether 
there is a clinical difference between tissue Irritation and tissue damage. Loading experiments 
on human and animal tissues to produce damage reveal the h ' ultimate tolerable load" beyond 
which injuries cause bin mechanical changes, pain p and gross failure to structures. In real life, any 
of us could irrirate tissues to produce tremendous pain at loading levels well below the cadav- 
ericly determined tolerance by repeated and prolonged loading. In fact, evidence presented by 
Videman and colleagues (1995) suggests that the progressive development of conditions such 
as spinal stenosis results from years of specific subfailure activity. The fundamental question is 
"Omtd such conditions be avoided by evidence-based prevention strategies that include optimal 
loading, rest periods, and controlling the duration of exposure? 1 ' 

Ill-Advised Rehabilitation Recommendations 

These failures to frame research and its results appropriately have resulted in many over- 
simplifications about low back treatment, which have in turn led to some inadequate treatment 
practices and recommendations. A few of the most common recommendations for back health 
are discussed here. 

* Strengthen w unties hi the toiso fo pmtect the hack. Despite the clinical: emphasis on 
increasing back muscle strength, several studies have shown that muscle strength cannot predict 
who will Ime I'uiure hack troubles (fiiering-Sorenson, [W), On the nther hand, Uioto and 
colleagues {\*)9S) have shown rhat muscular endurance (as opposed to strength) is, protective. 
Why, then, do many therapeutic programs continue to emphasize strength and neglect endur- 
ance? Perhaps it is a holdover influence from the athletic world in which the goal of training 
is. to enhance performance, Perhaps it is an influence from the pervasive use of bodybuilding 
approaches- in rehabilitation . As will be shown, optima! exercise therapy occurs when the emphasis 
shifts away from the enhancement of performance and toward die establishment of improved 
health, in many cases rhe two are mutually exclusive! 

* Bend the knees when per fw wing sif-nps. Clinicians widely recommend bending the 
knees during a sit-up T but on what evidence? A frustrating literature search suggests that this 
perception may be the result of "clinical wisdom," Interestingly, Axler and McGill (|#97) 
demonstrated that there is little advantage to one knee position over the other, and in Fact 
the issue is pfofeflbty moot because there are far he tier ways to challenge the abdominal muscu- 
lature and impose lower lumbar spine loads (traditional sit-ups cause spine loading conditions 
that greatly elevate the risk of injury). This issue is one of many that will bo challenged in this 
book. 
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• Perfvi-ttimg sit-ups wilt htavOiY hoik health, h this a true statement or an artifact of 
e\ 1 10 rim mi ml n jethodobgy? Despite what many would like to believe, there i s only mil d 1 iteratu re 
support tor the belief that people who are fit have less back tremble {although positive evidence 
is increasing. For maniple, Stevenson eta]., 2001). Interestingly, many of the studies attempting 
to evaluate die role of increased fitness in back health actually included exercises that have been 
known to cause back troubles in many people. For example, many have attempted to enhance 
abdominal strength with jitt-ups. After examining the lumber compression that results from 
performing siMips with fill! flexion of the lumbar spine, together with excessive disc an nub 5 
stresses ^ |S clear that enough sit-ups will cause damage in most people. Each sit-up produces 
low back compression levels close to the National Institute for OecupationaJ Safety and Health 
(NTOSIT) action limit, and repeatedly compressing the spine to levels higher than theNIOSI I 
action limit has been shown to increase the risk of back disorders (Axl^j" and McGML I ""-thus, 
reaching a conclusion over the role of fitness from the published literature has been ohscurei 1 1 1« 
il! -chosen exercises. Increased fitness does have support, but the way in which fitness is increased 
apEHMirs to be critical. 

■ fh iivtiitf hack iufitty nhefi lifting, hemt fbe knees, not the hack. Probably the most 
commfm advice given by the clinician to the patient who must H ft is to bend the knees and keep 
the back straight. In addition, this forms the foundation for virtually every set of ergonomic 
guidelines provided to reduce the risk of work-related injury. Very few jobs can be performed 
this way, Further, despite the research that has compared stooping and squatting styles of 
lifting, no conclusion as td which is better has been reached, The issue of whether to stoop 
or squat during a lift depends nn the dimensions and properties of the load, the characteristics 
of the Lifter, the number of times the lift is Co be repeated, and so forth, and there may m fact 
be safer techniques altogether. Much more justifiable guidelines will be developed later in the 
rest, 

■ ui Tigbr" hamstrings ami unequal length lent! to back troubles. It would seem intui- 
tive that shortened or " tight 1 ' hamstrings would apply deleterious torque to the pelvis and lead 
to back troubles. A similar argument could be mounted for unequal leg lengths, which would 
tilt the pelvis and impose bending stresses on the Lumbar spine. This line of reasoning appears 
ro have driven popular clinical practice, Interestingly, there is little support for these notions. A 
longitudinal study of young men over the irmib'tary service did not reveal any link between current 
back pain and hip flexion restrictions (He Using, I OSS). Neither tould future pain be predicted 
in this study or in the well-conducted study of Biering-Sorenson (1984), An interesting study by 
Ashmen and colleagues (1 996) suggested that while reduced hip flexion may not be associated 
wirh back pain, asymmetry between sides may he. Interestingly ma ny h i gh-perfonna nee athletes 
who run and jump have "tight^ hamstrings that they use as "springs."" Unequal leg length has 
bue.it shown to have a link with back pain in only the most extreme of length discrepancies- 
even cases of a 5 cm (2 in.) difference rarely develop chronic pain (Grundy and Roberts, 1984). 
Further, there does not seem to be a significant link between leg length inequality and lumbar 
scoliosis, at least for inequalities of I cm (0.4 in,) or less (Hoikka, Ylikoski, and Talimth, I'SSgjL 
All of this suggests caution when one is assessing patients and attributing sym proms. Perform 
the provocative tests and discover whether these postural variables are true exaeerbators in the 
individual and thus are justifiable targets for therapy. 

■ A shigfe exercise ttr fracti stability prugmm is juleifnatejiff' all cases. 1 1 is currently p >pu I al- 
io promote the training of single muscles to enhance spine stability. While the original ruse arch 
was motivated by the intention to reeducate perturbed motor patterns that were documented to 
(►e the result of injury, others have misinterpreted the data and arc promoting exercises to train 
muscles they believe are the most important stabilisers of the spine. Unfortunately, they did nor 
quantify stability. The process of quantifying the contribution of the anatomical components 
to stability reveals that virtually all muscles can he important^ hut their importance continually 
changes with the demands of the activity and task. It is true diat damage to any of the spina! 
tissues from mechanical overload results in unstable joint behavior. Because of hioincchanical 
changes to the joint* however, the peixurbed tissue is rarely linked to [he symptomatology in a 
simple way. More likely other tissues become involved, and which ones are involved will result 
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in different accompanying motor disturbances. This variety in possible etiologies means that 
a single, simple rehahititaFiun approach often will nor work, h mobility id Ik- restored ,il Hn: 
expense of normal joint stability? Oris stability to be established first, with enhanced mobility 
as a secondary delayed rehabilitation gtj^l? Or is the clinical picture complex tor example, in a 
situation in which spine stability is needed but tonic psoas aeriviry causing chronic hip flexure 
necessitates hip mobilization? This example, one of many that could have been chosen* illus- 
trates the challenge of ensuring sufficient stability for the spinal tissues, No simple, or single, 
approach will produce the best results in all cases. The description and data presented in this 
lumk will help guide the formulation of exercises Ebat ensure spine stability. 

Can Back Rehabilitation Be Completed in 6 to 12 Weeks? 

Some have suggested that da matted tissues should lie a I within 6 to 12 weeks. In fact, many 
have used this argument to support the notion that work intolerance exceeding this period has 
no pachranatomical basis (e.g., Fordyce,, 1W5) bur stems from psychosocial issues. Further, 
sonse have suggested that patient recovery would be better served by redirecting rehabilitative 
efforts away from physical approaches. This position can be refuted by daia and indicates a mis- 
unrlersranding of the complexities of spine pathomechanics. The concept that tissues heal within 
6 to 12 weeks appears to be originally based on animal studies (reviewed in Spitzcr. 1 W.v). I low- 
ever T not all human patients get better so quickly (Mendelson, 1 982 ) T and the follow-up studies 
from some defined disorders such as whiplash are compelling in the support ul lin^ring rissoc 
disruption (e.g., Radanov et al., 

Evidence will be presented in later chapters of both mechanical and neurological changes 
that linger for years subsequent to iisj<irv. "I his includes loss of various motor control parameters 
together with documented asymmetric muscle atrophy and other disorders. This suggests that 
postiu jury changes arc not a simple [natter of gross damage K healing." Following are only a few 
of the types of damage that can be long-term indeed: 

* Specific tissues such as ligaments, for example, have been shown to take years to recover 
from relatively minor in.mdi (Woo, Goirie&t and Alceson, 19^5). 

■ 1 Jk- i n revert u bra I motion u n its form a complex median ism i nvolving i Ulrica te interplay 
among the parts such that damage to one part changes the biomechanics and loading on another 
part, From the perspective of pa [ho mechanics, many reports have documented the cascade of 
biomechanics] change associated with initial disc damage and subsequent joint instability and 
secondare arthritis, which mav take years to progress (e.g., Brinckrnann, IQ$5[ Kirbldy- Wilis, 

■ Videman and colleagues { 1 90S ) documented that vertebra I osteophytes were am jst h ighly 
associated with end-plate irregularities and disc bulging. Osteophytes are generally accepted to 
be secondary to disc and end-plate trauma hur raLe years to develop. 

Thus, to suggest that back troubles are not mechanically based if they linger longer than a few 
mantis only demonstrates a limited expertise, 

Another question is "( Ian these hack troubles linger for a lifetime? 1 ' In this connection, it is 
interesting that elderly people appear to complain about bad Eracks less than younger people. 
Yalkenburgand Haanen (1982) showed that back troubles are more frequent during the younger 
years, Weber (19$ J) provided further insight hy reporting on patients 10 years after disc hernia- 
tions (some of them had had surgery while others bad not) who were engaged in strenuous daily 
activity — yet all were still receiving total disability benefits! It would appear that the cascade of 
changes resulting from some forms of tissue damage can take year\ but generally not longer 
than 10 years. Although the bad news is that the affected joints stiften during the cascade of 
change, the good news is that eventually the pain is gone. 

lo summarize, the expectation that damaged low back tissues should heal within a matter 
of weeks has no foundation. In fact, longer-term troubles do have a substantial biomechanics! 
or pathoanatxjustcaf basis. On the other hand, troublesome backs arc generally not a life sen- 
tence, 
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Should the Primary Goal of Rehabilitation 
Be Restoring the Range of Motion? 

Research has shown rbat an increased ROM in the spine can increase the risk of future back 
troubles* (eg-,. Battie tt ah, IW(h Bierin^-Sorensoji, \^4; Burton, Tiilotson, and Troup, 
1989), Why ib en does increasing the ROM remain a rehabilitation objective? The first 
reason, discussed earlier,, is the need to quantify reduced disability as defined by the AMA. 
Second, there is a holdover philosophy from the athletic world that increased ROM enhance!* 
performance. This may be true for some activities, but it is untrue for others. As will be 
shown , this philosophy may work for other joints* hut it generally does nor work for the hack. 
In fact, successful rehabilitation tor the back is generally retarded when athletic principles ore 
followed. 

What Are Better Alternatives in Dealing With Painful Backs? 

P;unfid backs are the result of different causes; this hook proposes approaches to identify the 
cause in the individual. Understanding the specific cause, or coccrbator, hi each individual directs 
efforts to remove the cause, and ensures that ihe catise is not replicated in the therapy. Tissues 
in the back become irritated with repeated loading. Consider lightly hitting the thumb with a 
hammer repeatedly — eventually the slijditest touch causes pain. This is symptom magnification 
because the tissues are hypersensitized — not because of psj^chosocial modulators, Reduction 
of hypersensitivity in the thumb only occurs following; a substantial amount of time after rhe 
hammering has stopped. Tissues in the back arc continually *hit with the hammer* because of 
the aberrant motion i *t motor patterns. For -example, people with flexion bending intolerance of 
the spine may replicate this every time they rise from a chair. Correct this movement fault and 
"'take the hammer away."' Then the tissues become less sensitized,, the repertoire of pain-ffee 
tasks increases, and. motion returns. Motion returns once the pain goes away. Resist "restoring 
function* w r ith a mobilizing approach too soon, This often retards progress. 

Mechanical Loading and the Process of Injury: 

A Low Back Tissue Injury Primer 

Any clinician completing a worker or patient compensation form is required to identify the event 
that caused the injury. Very few back injuries, however, result from a single event. This section 
documents the more eoiilfrtort cumulative trauma pathways leading to the culm mating event 
of a back injury. Because the culminating event is falsely presumed to be the cause, prevention 
efforts are focu.sjed on that event. This mi wiirection of efforts fails to deal w ith the real cause of 
the cumulative trauma. 

While a generic scenario for injury is presented here P chapter 5 offers a more in-depth dis- 
cussion of injury from repeated and prolonged loading to specific tissue r The purpose of this 
section is to promote consideration of rhe many factors, that modulate the risk of tissue failure 
and to encourage probing to generate appropriate hypotheses about injury etiology. 

Injury,, or failure r>f ;.i rksiu:, mvurs whru i \w jpplkul lu-id exceeds the failure tolerance (or 
strenjrtb of the tissue), For the purposes of this discussion, injury will be defined as the fid I con- 
uiiuum ftoin the most minor of tissue irritation (but microtrauma nonetheless) to the grossest 
of tissue failure* for example* vertebral fracture or ligament avulsion, We will proceed on the 
premise that such damage generates pain. 

Obviously, a load that exceeds the failure tolerance of the tissue, applied once, produces 
injury (see fig Lire 1 . \L in which a Canadian s-nowmobi ter airborne and about to experience 
an axial impact with the spine fully flexed is at risk of posterior disc herniation upon Sand- 
ing). This injury process is depicted in figure 1 .la» where a margin of safety is observed in 
the first cycle of subfadure toad. In the second loading cycle, the applied load increases in 
magnitude, simultaneously decreasing the margin of safely to aero, at which point an injury 
occurs. While this description of Sow back injury is common, particularly among medical 



Copyrighted Material 



Copyrighted Material 



Low Back Disorders 



Load 




FasSurs lalerance 



Margin of 
safety 



AL'pl ed 

load 



Time 




Figure 1 A (a) A margin of safety is observed in the firsi cycle of su bra i lure bad; In I he second loading cycle r the applied 

i. .ill hit ii-.m.'^ iii ti i.ii^i i: le-. siiv .: "C(ii> .;.„■( n\m:i^ ihf nv^ir- u\ s c i!rh In /c"o. .:! win., h poin juiv ot m%. /i; 

The Canadian snowmobile- driver {the author in this w+io should know better} is about lo experience, an axial corn- 
prasivtf impzici bad to a fully Retted spine. A nnc-Tim-r ^^iratfofl trf toad dSh i educe ihe margin of safety to zero as the: 
applied bad exceeds rhe strength nr failure tolerance ot" the supporting tissues. 

■'j i kty-i inttTr fcttjiii faults f Of BtiuT\rChj¥i(Ci r ifl <Sji. S.M. M^CIili, 'JnvjlftfJ jjjper: Birrfrtr^hjiiie* uf luw luck injury: lliipln-Jliuns iwr LuriL'id fifj^NC* ami th*r dink," 
*S6-4v 5, lyy?, wflh uetttuwiort from Llst-vler Sdenct. 



practitioners who are required to identify an uijuryHrausing event when completing forms tor 
workers* eomijensation reports p my experience suggests that relatively few tow back injuries 
occur in this manner. 

More commonly injury during occupational and athletic endeavors involves cumulative trauma 
from repetitive sub-Failure magnitude loads.. In such cases, injury h the result of accumulated 
trauma produced by either the nested application of relatively low bad or the application of 
a sustained load for a long duration (as- in a sitting ta.sk, for example). An individual lining- boxes 
onto a. pallet who is repeatedly loading the tissues of the Jow back (scvetaJ tissues could be at 
risk) to a subfailure level (see figure L2 r &-t>) experiences a slow degradation of failure toler- 
ance (e.g., vertebrae^ Adams and Hutton + 1^85; Brinckmann, lliggemann^ and Hilweg^ l^S^). 
As tissues fatigue with each cycle of In ad and eorrespomlingly the failure tolerance lowers, the 
margin of safely eventually approaches zero, at which point this individual will experience low 
hack injury. Obviously, the accumulation of trauma is more rapid with higher loads. Carter and 
Hayes (1977) noted that, at least with bone, fatigue failure occurs with fewer repetitions when 
the applied load is closer to the yield strength. 

Vet another way ro pmduet: injury w irh a subfuhn i: load is to sustain stresses constantly over 
a period of rime. The rodmen shown in figure 1 .ia, with their spines fully flexed tor a prolonged 
period ofdmc^ are loading the posterior passive tissues and are hutiatiiig tiine^ependent changes 
in disc mechanics (figure \Jh). Under sustained loads these viscoelastic tissues slowly deform 
and creep. The sustained load and resultant creep cause a progressive reduction in the tissue 
strength. Correspondingly, the margin of safety also declines until injury occurs at a specific 
percentage of tissue suain (i,e-, at the breaking strain of thar particular tissue), Note ihat rhese 
workers are not lifting a heavy loadi simply staying in this posture long enough will eventually 
ensure injurious damage. The injury may involve a sinide tissue, or a complex picture may emerge 
in which several tissues become invol ved, For example, the prolonged stooped pasture imposes 
loads on the posterior ligaments of the spine and posterior fibers of the intervertebral disc. The 
associated creep de fori nation that ultimately produces inicrofailurc (.e.g.. Adams, Mutton, ami 
Stott, McGil! and Rnnwn, 1992) may initiate another chain of events, Stretched ligaments 
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Figure 1.2 \j) Reputed subfaikiro toads k^d k> tissue fcujgue, reducing the failure tolerance, leading to (b) failure en 
l he Nth repetition of bad r or box lift in [hk example. 

i.fj Kr.'|iirii|r.|| f K jfii Axrt/rj/ rxfiiLtfiJK^jJJWt J, lU s^J. S.M, ftUiGiU, "IriM^Led p-iptr: fSir^rirjMfh jni^s. Lri luw bJtk in|u*VL InSfllkALioni lhi luIimiI |ji.k Ik* .ind cltt- (_ link ," 
45b-47S, 19*>7, with pefmlssdon frown tkevlcr ErfiefKe. 
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Figure 1 .3 fjpj These rodinen with fully flexed lumbar spines are loading posterior passive tissues for a lung duration, (b) 
reducing the \,i\\ur<: i^r.Tiir^ lading to failure at the NUhf% of lissue strain. 



increase joint laxity,, which can lead to hypcrflexion injury {to the- disc) and to the following 
sequence of events 

L Loc-j] instytaihty 

2 r Inj iiry of li nisegmenta I structure 

5 . Ever-increasing shearing and bending loads on the neural arch 
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This laxity remi ins for *i substantial period after the 
prolonged stoop. 

Understanding the process of tissue damage in 
diis way emphasizes why simple injury prevention 
approaches often rail More effective injury interven- 
tion strategies recognize and address the complexi- 
ties of tissue overload. 

Avoidance of loading id together is undesirable. 
The i-:.'. I" i-l i ■ s - ■ ■ > |nweiHi:m slruU-LTC* J 1 - L<: 

ensure that tissue adaptation stimulated from esmn- 
sure to load keeps pace with h and ideally exceeds, 
the jccujeili lilted tissue dmna^e. "I hus. exjjosure to 
load is necessary, hut in the process of accumulation 
of microtrauma the applied loads must be removed 
(with rest) to allow the healing and adaptation 
process to gradually increase the failure tolerance 
to a higher level. We have already seen how tissue 
loading and injury risk form an optimal U-shaped 
relatioaship of not too much and not ton liule IpecL 
Determining the optimal load for health encom- 
passes hoth the art and science of medicine and tissue 
biomechanics Figure L4 present a filial load-time 
history to demonstrate the lints among loadings resr, 
and adaptive tissue tolerance. 
In summary, the injury process may lie associated either with very high loads or with relatively 
low loads that are repeated or sustained. This either/or causation necessitates rigorous exam ina- 
tion of injury and tissue loading history for substantial periods of time prior to the culminating 
injury event. It is important to recognise that simply rocusirig on a single, variable such as one- 

riiiii loud nupiiEiuli 1 rtVM inn [VSnll ii! A Siilvi-isIiJ :l:.k \ ...I :;>k tit isliury, p:iz c it i il .irk M TuSs .t 
wide variety of activities, 

A Final Note 

The selected controversies introduced in this chapter illustrate the need for the evidence pre- 
sented ill the rest of the te*i and tlx- relevance of the discussions that follow. Resist the urge to 
assume that conventional wisdom is corrects First consider the evidence and then form your 
own opinions. 




Applied load 




kmc 



Figure I A Loading is necessary for optimal tissue 
health. When loading and (he subsequent degrada- 
tion of tolerance are followed by a period of rest, an 
adaptive tissue response increases tolerance. Tissue 
"training* results from the optimal blend of art and 
science in medicine and tissue biomechanics. 
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CHAPTER 2 

Scientific Approach 
Unique to This Book 



This boo li contains many non traditional viewpoints on how the spine functions and becomes 
damaged. Moke of these perspectives have emerged from a unique biomechanics! [y based 
methodological approach. This chapter will familiarize you with the unique g^fier^l approach 
taken for obtaining much of the data in this text and will help you understand both the limita- 
tions and the unique insights provided hy such an approach. 

As 1 spine biomechanists> our methods of inquiry 7 arc similar to those used by mechanical or 
avil engineers. For esaniple, a civil engineer charged with the task of building a bridge needs 
three types of information: 

■ Traffic w be accommodated, or the design load 

■ Structure to be used (e.g., space miss ot roman arch) t as each archiEecture possesses 
specific: mechanical traits and features 

■ t :lwacteristics of proposed materials that will affect strength, endurance* stability, resis- 
tance to sEmcturaJ fatigue, and soon 

Our approach to investigating spine function is similar to that of our engineering colleagues. 
YVt 1 begin with rhi: to I towing 1 rel.it ions hip m prudiet the risk of tissue damage: 

Applied ioad > tissue strength = tissue failure (injury) 

Rccali from the tissue injury primer at the end of chapter 1 that tissuu Mrength is reduced by 
repeated and prolonged loading but is increased with subsequent rest and adaptation. Analyz- 
ing tissue ftiilure in this way requires two distinct methodological approaches. This is why we 
developed two quite distinct latH>ratories, which led to much ot the progress documented in 
this book. (Please note that the "we" used in diis chapter includes my research team of gradu- 
ate students* wiring scholars* and technicians.) Our first lab is equipped for in vitro testing of 
spines, in which we purposefully try to create herniated discs, damaged end plates, and other 
tissue-specific injuries. The second lab \$ ihc in vivo lab. where living peopie (both normals and 
patients) are tested for their response to stress and loading. Individual tissue loads are obtained 
from sophisticated modeling procedures. 

In Vitro Lab 

The in vitro lab is equipped with loading machines, an acceleration rack, tissue sectioning equip- 
ment, and an X-ya\ suite in document progressive tissue damage;. fur example, by performing 
discograms with raxiion:*paque contrast liquids* we can document the mechanics of progressive 
disc herniation. We investigate any other injury? mechanisms in the same way 1 — that is, by applying 
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physiological loads and motion patterns and then documenting the damage with appropriate 
technology. 

Since many technique issues can affect the experimental results, the decision 10 use one over 
another is governed by the sjiecific research question For example i since, a marched set of human 
spines to run a controlled failure test cannot be obtained, animal models must be used. 1 1 ere, 
control is exercised over genetic honicigeiieky, diet, physical activity, and so forth to contrast 
an experimental cohort with a maiched s-et of control spines. 

Of course, the results must be validated and interpreted for them to he relevant to humans. 
In addition, identifying die limitations for relevance in interpretation is critical, Some hypoth- 
eses that demand the use of human material are compromised hy the lack of available young, 
healthy, un degenerated specimens. Having healthy specimens is critical because biomechanics 
and injury mechanisms radically change with age. Other major methodological issues include 
the way in which biological tissues are loaded, perhaps at specific load rates or at specific rates 
of displ a cement The researcher must decide which has the mosE relevance to the issue at hand. 
D casing these experiment* is not a trivial task. 

In Vivo Lab 

The in vivo lah is unique in its approach in attempting to document the loads on the many 
lurnlwr tissues in vivo. This knowledge lends powerful insight into spine mechanics, both of 
normal functioning and of failure mechanics. Since transducers cannot be routinely implanted 
in The tissues to measure forcd noninvasive methods are necessary. The intention of the basic 
approach is to create a virtual spine. This virtual model must accurately represent the anatomy 
chat responds dynamically to the three-dimensional motion patterns of each test subject or patient 
and must mimic the muscle activation patterns chosen hy the individual, In so doing* it enables 
us to evaluate subjects* unique motor patterns and the consequences of their choices and sJdIL 

How the Virtual Spine Works 

While two groups (the Marras group [e.g., Granata and Marras, l £ W] acid the Met I ill group) 
have devoted much effort to the development of biologically driven models, the McGill 
model will he described here given its familiarity to the author. The model — a dynamic, three- 
3lmerl5ioiial s anatoinicaily approach to predicting individual lumbar 

tissue loads— is composed of two distinct parts: a linked -segment model and a highly detailed 
spine model that determines tissue loads and spine stability. 

■ The first part of the McGill niodellsaihree-dnneusional linked-segment representation 
of the body usinjr a dynamic load in the hands as input. Two or more video cameras at itt H?, 
record joint displacements to reconstruct the joints and body segments in three dimensions. 
Working through the ami and trunk linkage using linked-segment mechanics, reaction forces 
and moments are computed about a joint in the low back (usually L4-L.S) (previously described 
in McGill and Norman, 1985) (see ftirure 2. Id), Usinjr pelvic and spine markers, the three reac- 
tion moments are converted into moments about the three orthopedic axes of the low back 
(fl ex ion-eatension , lateral bend, and a.vial twist). 

* The second part of the McGill model enables the partitioning of the reaction moments 
ohrained from the linked-segment model into the substantial restorative moment components 
(s^pportin^ tissues) using an anatomical !y detailed three-dimensionaS representation of the skel- 
eton, muscles, ligaments, nonlinear elastic intervertebral discs, and soon [see figure 2. U). This 
pare of the model was first described by McGill and Norman [ IVtfo), wish lull three-dimensional 
methods described by McGill (1^92) and the nnsi rccenE update provided byGholcuicki mil McC nil 
(1 ( >%). hi total, TO low back and torso muscles are rcprescEitecL Very briefly first die passive tissue 
forces are predicted by assuming smsss-strain or bad deformation relationships for the individual 
passive tissues. Deformations are modeled from the three-dimensional lumbar kinematics measured 
froiii the subject, which drive the vertebral kinematics of the model. Passive tissue stresses are cali- 
brated for the differences in flexibility of each subject by normalising the stress-strain curves to 
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Figure 2,1 The tissue load prediction: approach requires two models, (ay The first is a dynamic 
three-dimensional linked-segment model lo obtain the three reaction moments about the low back, 
(b) The second model partitions the moments into tissue forces (muscle fortes 1-18; ligaments 
19-26; and moment contributions Irom deformed disc,. gut and skin in bending), 



the passive range of motion of the subject. Electromagnetic inslxu mentation > which monitors the 
relao^cl urn bar angles hi three di in ensions, detects the i so kite J iumhar motion. 7'W remaining 
moment is then partitioned among the many fascicles of muscle based on their activation 
profiles {measured from electromyography fEMGJ) and their physiological cross -sectional 
area. The moment is then modulated with kiiwn rebtinnshms tor instantaneous muscle 
lengch £>t' eiilu-r shortening <n- 1 yngxhening velocity, Sutarno and jVlcGill (.1995) described, the 
most recent improvements of the farce-velocity relationship. In this way, the modeled spine 
moves according to the movements of the subject's spine, and the virtual muscles are activated 
according to the activa cion measured directly from the subject (see figures Z.2 t a-k and 23). 

Using biological signals in this fashion to solve the indeterminacy of multiple load-bearing 
tissues facilitates the assessment of the many ways that we choose to support loads. Such an 
assessment is necessary for evaluating injury mechanisms and formula rinsr injury-avoidance 
initiatives, From a clinical perspective, this ability to mimic individual spine motions and 
muscle activation patterns enables us to evaluate the consequences of a chosen motor control 
strategy. For example, we can Sec that some people are able to stabilize their backs and spare 
their lumbar tissues from overload when performing specific tasks. Conversely, we are abJe to 
evaluate the consequences of poorly chosen motor strategies. In rhis way we can identity i host: 
individuals with perturbed motor patterns ami devise specific therapies to regroove healthy motor 
patterns, that ensure sufficient spine stability and spare their tissues from dam aging load. 

Our challenge has been to ensure sufficient hiobgicat fidelity so that estimations of tissue 
forces arc valid and robust over a wide variety of activities. The three-dimensional anatomy is 
represented in computer memory (muscle areas are provided in Appendix A.l). On occasions, 
if the e?<pense is warranted, we create a virtual spine of an individual from a three-dim ensionaj 
reeonsmiction of serial magnetic resonance imaging (MRI) slices from the hip trochanter to T4 
(see figure 2. 2/>)» T his component of tlic mode liny process is well documented fof the interested 
reader in AlcGi II and Norman (1986) and McGifl (1992), A list of the large number of associated 
research papers pertaining to the- many detailed aspects of the process is provided in a separate 
reference section at the end of this book. See figures 2.4 anil 2.5 for a flowchart and example 
of the modeling process. 
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Figure 2,2 fa) Subject monitored with EMC electrodes and electromagnetic instrumentation to directly mea- 
sure three-dimensional lumbar kinematics and musde activity, (b) The modeled spine {partial ly reconstructed 
for illustration purposes,, aEthough lor the purposes of analysis it remains in mathematical form) moves in 
accordance with the subject's spine. The virtual muscles are activated by the E.MC signals recorded from the 
subject's muscles. 




Figure 2 .3 In this h i starica I photo on the right, an i nsrjumented su bjecL s i mu tares the comp lex th ree* 
dimensional task of tossing an object. The instrumentation includes three-dimensional video to 
capture body segment kinematics, a recording of the three-dimensional force veclor appl ied to the 
hand, a .J -SPACE electromagnetic device to record isolated three-dimensional lumbar motion and 
ass-tst in partitioning the passive tissue forces, and 1 b channels of EMG eleel codes to capture muscle 
activation patterns. A more modern d,na collection is shown on tho left.. 
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Load time histories and flag tissues close to failure 



Calc urate stabifily indea and esgen values 



Figure 2 A Hie model input and ouipul are illustrated in thts flowchart up lo rhe point of calculation of moments 
and tissue loads.. Spine stability h calculated with an additional module. 
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Ff^tm> IS V<n Fotift stages £tf model niJlpul in (hit ^scampie of a subject flexing, picking up j weight, and emend- 
ing: farj lumbar motion about (be three axes — f3e*ion-exTensaon H lateral bend r and axial twist; ffej lengths of a few 
selected muscles throughout the motion; fe| some muscle forces; (d) L4-L5 joint forces of compress ion and shear; 

.,■ . --l.-lii ih, >vU \. w\\vu- l.ir^ 1 ! jom i\v -sIh-i^ ir:,l ( .iIh- hi^ln i st ( iMi1^ .mil i or in^ilivc r^i-mbc vvosihl 

suggest that unstable behavior is possible. 
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Figure 2.5 (continued) 



Development 

of the Virtual Spine 

The development of the virtual spine 
approach has been an evolutionary 
process spanning 20 years. In that 
rime we have had to confront several 
specific issues t namely, issues of valida- 
tion and how to handle deep muscles 
that are inaccessible with surface 
EMG electrodes. Briefly, although wc 
have tried intramuscular electrodes 
in highly selected conditions, this is a 
limiting invasive procedure. Generally, 
we estimate the deep muscle activation 
ampiinides from movement synergists 
(MeGill, Juker, and Kropf h 1996), This 
method is limited, however, beeause it 
requires a prior knowledge of muscle 
patterns for a given moment corn- 
bin acior in a specific task. We try to 
incorporate the highest level of content 
validity by using detailed representa- 
tions of the anatomy and physiological 
crois-sectional areas, record ing stress- 
strain relationship^ and incorporating 
known modulators of muscle force such 
as length and velocity, One of our vali- 
dation exercises is to compare the three 



measured reaction moments with the sum of individual: tissue moments predicted by the virtual 

1 1 i " i v ■ . \ done niiUL-ti Miay^LMhat wi: have *\u:t.x\'t\vd i n :1L1U i ,iUv;, iv|iii. , sci=l ml lm<.C. 

Over the past ten years this approach for predicting individual lumbar tissue loads has evolved 
to enable us to document spine stability. In this way, can evaluate an individuals motor pat- 
terns and identify strategies that ensure safety and those that could result in injury. Tlus is not a 
trivial task. It requires, converting [issue forces to stiffness and using convergence algorithms fo 
separate thcjse forces needed to create the torques that sustain postures and movements from the 
additional forces needed to ensure stability. Potential energy-based analyses are then employed 
to ideniiry r the "stability index** in each degree of freedom of rhe joint, which in turn reveals the 
joints ability to survive a given loading scenario. This level of modeling represents the highest 
level of sophistication currently available. It has enabled us to t " 
spine stability — more on this in chapters 6 and \1, 
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CHAPTER 3 

Epidemiological Studies 
on Low Back Disorders 
(LBDs) 



Definitive expenmetp are rare in the fields- ql science and medicine, Instead, conclusions 
generally emerge from the integration and synthesis of evidence Emm a variety of" sources. 
Usin.tr a similar approach, lawyers irgue cases in which each piece of evidence is considered eir- 
oismstantia) in the hope thai eventually circumstantial evidence will become overwhelming, 
Like lawyer (scientific researchers gather and re gather circumstantial evidence hroni several 
pcTCpcetivcs with the goal of understanding cause and effect, By studying the relation ships among 
variables and investigating mechanisms, they are able to form perspectives that are .robust and 
plausible. This type of research work, together w r ith longirudiml studies, tests the causative 
factors identified in the mechanistic studies. 

Other chapters in ibis book are dedicated to investigating [he various mechanisms within 
the low hack and rheir links with good health ami disability. T his chapter focuses on rhe study 
of associations of variables through various epidemiological approaches. Some readers will find 
this a boring chapter — so my students inform me. You may choose to skip this chapter. But 
those wishing a fuller u nderstan ding qf the challenges that lie in budding a strong founda- 
tion For the very best injury prevention and rehabilitation programs are encouraged to read 
on. Doing so will enable you to appreciate the epidemiological perspective, to have a more 
<■■ iiiiijk ^' l iMiipi i :n iiiiu-i i k«.- posil ions taken in the rexl .v- ,s u hoki m ivdud \hc. cc-oni utih 
impact of low back disorders, and to understand certain subsequent approaches for prevention 
and rehabilitation. 

Several sections in this chapter will help you understand the risk factors for low hack 
tremble — specifically, the changes in personal factors and whether they cause had: troubles 
or are a. cotisequeiice of having them. For the purpose of diis review, purported disabling low 
back troubles and possibly related work intolerance will he referred to collective Ey as low back 
disorders (LBDs). Furthermore, the term p&j&ml fmrftrs can include anthns]XJ3iierric and fitness 
variables, as well as motor control ability, injury- history, and so Forth. 

Multidimensional Links Among Biomechanical, 
Psychosocial, and Personal Variables 

As noted in chapter 1 T several prominent people have declared that psychosocial variables are 
the most significant factors in LBD. 'J 'his is an important issue since effective intervention must 
address the real cause and consequence of back troubles. In this section we will see that virtu- 
ally all studies that properly measured ojt calculated the physical demands of tasks showed that 
people subjected to specific mechanical stressors are at higher riyk of LKD than others hut rhar 
there also appear to be some mitigating issues. 
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Three Important Studies 

The following three studies art; reviewed litre because of their past influence and future impli- 
cations. 

* Bigm fftui coIktt£Ms. In 1 1 J s6 B i gos and colleagues performed a highly quoted stud y — one 
that has been very influential in doping opinion regarding injury prevention and ithabilita- 
tion — at the Uoeing plant in Washington State in the United States. This retrospective inves- 
tigation analyzed 4,645 injuries (of which V(H) were to the low back) ewer a 15-month period in 

The audtors reported a correlation between the incidence of back injury and poor 
appraisal rating of employees performed by their supervisors within sis months prior to the 
reported injury, The authors considered the poor ratings to represent a psychosocial factor 
[n 1991 Bigris .ind colleagues conducted a longitudinal prospective study of 3,020 employees 
.:' 'y. during v, hu h then were _ 7'^ n ported Uya hack injuria. I In: r, -.wwvl'uv- vdWuvwA 
personality 7 inventories .is well as questionnaires regarding family and coworker support and ioh 
satisfaction. They also analyzed personal factors such as isometric strength, flexibility, aerobic 
capaeity., height, and weight. The authors concluded that psychosocial measures — particularly 
those related to job enjoyment — had the strongest influence of all the variables analyzed. In fact, 
those workers who stated they did not tin joy their job were I .H5 tinier more likely to report a back 
injury (otitis ratio - L85} Job satisfaction counted for less than 15% of the variance as an injury 
risk factor^ meaning that more than 85% of the variance was unaccounted for. In other words, 
psychosocial factors failed to account for 85% of the causation of LBDs, The au thors concluded 
K that the statistically sign ifi earn, though clinically modest, predictive power of work perceptions 
and psychosocial factors for reports- of acute hack pain among industrial workers argues against 
the exclusive use of an injury model to explain such problems," This is a Eair summary of the 
implications of their work. It does not mean that mechanical loading is unimportant. Yet, this 
study is often quoted to support the viewpoint that psychosocial factors ate die most important 
causes of back disorders, T interestingly, Marras and colleagues (1 993) id so found similar odds 
ratios for job satisfaction (l.Srjj in a massive study of 4(H) repe drive industrial lifting johs across 
4H industries, 

Very few epideiTiiologieatly based studies have Odds Ratios 

employed reasonably robust quantifications of bioEne- 

chanital, psychosocial, and personal factors. Two impor- Perhaps the most lucid definition ot an 
tant studies meet this requirement. odds raNo can be achieved through an 

example, If smokers have three limes the 

• Ma*™ and tolkagmx. The first important study risk oi Sloping | un g cancer that non- 
*W reported by Marras and colleagues ( 1995% who smoker* do fperhaps 6 Out of 1 D smoked 
surveyed over 400 industrial lifting jobs across 4ft differ- ^ op™^ to 2 on! ofl 0 in nonsmokersi, 
ent industries. They examined medical records in these they have an odds ratio of 3. Thus, an odds 
indLi^rnesto classy eac h typeof job a* being either low, r^io greater than 1 suggestion increased 
mediuEn, or high risk tor causing LBD, They dc jcumented f ^ r - rom a jp^cjfl^ factor 

a variety of mechanical variables as well as reporting job 
satisfaction. The most powerful single variable for pre> 

d ic tiny those jobs with LBD was maximum low back moment. This resulted in a predictive odds 
ratio of 4.04 between low- and medium-risk groups and a ratio of 3.J2 between the tow- and 
high-risk groups. Other single variables produced impressive odds- ration tor example, sagittal 
trunk velocity (odds ratio n 2.4'H) for the low- and high-risk comparison and 2,4.2 tor maximum 
weight handled between the low- and high-risk groups. Job satisfaction produced ,m <hUU ratio 
pf 1,48 between the low- and high-risk groups and of LJ2 between the low- and medium-risk 
groups, The researchers entered the single variables into a multiple logistic regression rnodeL 
The |p~oup of various measures selected by the model described the risk index well between the 
low- and high-risk groups and also between the low- and medium -risk groups. Suitably varying 
the five measures chosen hy the regression process (maximum load moment, maximum lateral 
trunk angular velocity, average trunk twi sting veloc Ely, UfOEig frequency, and the maximum sagittal 
trunk angle) decreased the odds of being a member of the high-risk LBD group over 10 times 
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(odds ratio = 10.6). This was an important study for specifying certain physical characteristic* 
of joh design rhur reduce the risk of LBD and I i n king epidemi ologica i findings with quantitative 
hioinechanical analysis and psychosocial factors across a iarge working population. 

■ .Vfltfwfffl Witt ttithagaes* The second important study to successfully integrate bio me- 
chanical psychosocial, and persona f factors was conducted by Norman and colleagues (1998) S 
who examined injuries that occurred in an auto assembly plant that employed more rhan I0 t 000 
hourly paid workers. During a two-year period of observation in die plant n the authors reported 
analyses on 104 eases and 3 J[) randomly selected controls. ( lases were people who rejxirted 
low back pain (LET) to a nursing station; controls were people randomly selected from com- 
pany rosters who did not report pain, This is a notable study because the authors anempted to 
obtain good -quality psychosocial, personal, and psychophysical tiara on all participant* from an 
imervi ewer-assisted questionnaire* as well as g*X)d-quality n directly measured biomechanieall data 
on the physical demands of the jobs of all partici pants. (Note that the psychophysical approach is 
based on worker self-perceived stresses.) The study revealed that several independent and highly 
significant hiomcchanicah psychosocial, and psychophysical: factors (identified its risk factors) 
existed in those who reported LB P. The persona! risk factors that were included were much less 
important. After adjusting for personal risk factors, the statistically independent biomechanics! 
risk factors that emerged were peak lumbar shear force (conservatively estimated odds ratio 
= L7% lumbar disc compression integrated over the work shift (odds ratio = 2.0), and peak 
force on the hands (odds ratio = |.9) r The odds ratios for the independent psychosocial 
risk factors, from among many studied* were worker perceptions of poorer workplace 
social environ! lien t (2.6), higher job satisfaction (nut lower, as shown in the Boeing study) 
(1,7), higher coworker support (Ln), and perception of being more highly educated (2.2). 
Perceptions of higher physical exertion., a psychophysical factor h resulted in an odds ratio 
of 3.0, which is possibly related to the capacity of the worker relative to tfic job demands. 
Nearly 45% of the total variance was accounted for by these risk factors, with approximately 
12% accounted for by the psychosocial factors and 3 1% by the biomechanics] factors. These 
results are very consistent with those reported by Ma mis and colleagues and by Pun- 

neli and colleagues (1991% Only a few of the personal i actors were associated with reporting 
LitPr body mass index (odds ratio = 2.0) and prior compensation claim (odds ratio ■ 22). This 
case-con trol study is of high quality because it used a battery of many of the best measurement 
methods available for field use to assess many psychosocial, biomechanics!, and personal factors 
on all participants in the data pooh 

The evidence from the comprehensive studies suggests that both psychosocial and biome- 
chanical variables are important risk factors for LBD. In particular, cumulative loading joint 
moments! and spine shear forces are important. Those da inning that only psychosocial factors 
are important or that only physical loading factors are important cannot mount a creditable, 
data -based defensc t as it appears that the data they quote fail to measure properly either physical 
or psychosocial variables or both. 

Do Workers Experience LBDs 
Because They Are Paid to Act Disabled? 

Sam e papers i n the literatu re a ppear to d ism iss the 1 in k between pai n and d isa bi lixy, Most of these 
papers clearly state that this notion is restricted to ''nonspecific back pain," noting that specific 
diagnoses do impair the ability of a worker to perform a demanding job. However, sortie authors 
base their argument on the concept that low back tissue injury heals in 6 to 12 weeks, while 
others base their arguments on a behavioral mode] of chronic pain that is not totally consistent 
with the findings of other scientific approaches. A short discussion of the issues and evidence 
related to physician diagnosis, compensation tissue damage, and pain is necessary. 

The position that chronic pain and disability are a function of compensation {and not mechani- 
cal factors) is contra dieted by evidence that low back troubles continue after legal settlement of 
injury compensation (Mendetson, 1982). Hadler (l°91) believes that the contest between the 
parient and the medical officer charged with determining the compensatory award causes the 
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pa dent to act disabled and div^am any incentive to act well. Teasel! and Shapiro (1998) shared 
[his opinion in 3 review of severat dinfereiitchmmcpflindiwrderj, as did Rainvillc and colleagues 
f 1 W7) in another very nice study that specifically addressed chronic LCR Hadler has taken the 
position diat mechanical factors are, for the most part, uf little importance in either cLuisintr. 
or rehabihtating bad backs when compared with the psychosocial modulators {e,g„ Hadler, 
2(H) I), His selective citation of the literature excludes evidence linking mechanical overload to 
tissue damage and ignores several important intervention studies For example, Wemeke and 
Hart(2(XM) showed that pain patterns upon patient presentation, specifically whether the pain 
"centralizes" or not, are much more powerful predictors of ch mm city than the psychosocial 
variables they studied. 

Of the several parties involved in the compensation system, al! wish for a healthy patient, 
However, several tactors conspire to militate against an optimal process and experience for all. 
Some unfortunate patients arc rejected from the Vuinp" system because they Fail to get better, 
or actually get worse, and are labeled noncompliani, Phis is largely because the comp system 
usual] y employs a rehab approach that brings hualiry to die case. This approach is often known 
as Jb work hardening" and is Characterized by physical tasta that have a systematic schedule 
for increased challenge. Some claim that the type of challenge or exercise or work task is not 
important— only that it be performed. Patients are encouraged to work though the pain. T here 
is no question that many patients thrive under this approach and are successfully discharged 
as employed workers. However, this approach is not for every patient. Typically these sons of 
programs have significant dropout rates. The comp system usually labels these individuals a< 
"noneom pliant" and they are dismissed from payouts. Psychosocial issues are usually given as 
reason for their inability to cope. My opinion is different. Many of these individuals have backs 
that may be unstable, and the work hardening program incorporates the injury mechanism 
as part of the treatment and makes them worse. Cuder (e.g. + tWl a 20(H)) has documented tor 
years that central sensitization mechanisms and secondary hyperalgesia are based on measur- 
able changes in nervous structures and that more pain during movement only heightens the 
syndrome. Because corrective exercise has not l>een prescribed, the tissues are further damaged, 
or at least prevented from healing. Fur these patients we work to eliminate the cause of their 
pa in a n d e n s ure pa in- free thera peutic exe rci ses, sped Sea l)y designed to address their deficits and 
the actuaJ cause of tissue overload. Even with the most disabled of backs, those eases that have 
been classified as failures and labeled with no hope for recovery (i.e., 0% chance of returning 
to work), this approach gets about 35% back to work. 

Thus, although the topic of compensation is important, it is irrelevant in discussions of the 
links between loading and LBD. Compensation issues should not be used to argue ajjainst the 
existence of a mechanical link between injury and work tolerance or T worse yet, to suggest that 
the removal of compensation will eliminate the cause of tissue damage. 

Does Pain Have an Organic Basis — Or Is It All in the Head? 

Much has been written about the apparent absence of an organic basis for chronic low back dis- 
ability (and other chronic pain syndromes). As noted in chapter 1, as high as R5% pf disabling 
LBD cases are claimed to have no definitive pathtianatoinkal diagnosis (White and CJordon, 
I Wl). "3Uo conclusion^; haw lie on proposed: 

* Many patients present with "nonorganic signs" suggesting psychological disturbance 
as the cause of their condition, 

■ Poor diagnostic techniques, either from inadequately trained doctors or from limitations 
of widely available diagnostic technology, have precluded the making of many solid diagnoses. 

The first conclusion suggests that the correct course of action in these "undiagnosed" cases is 
to ignore physiological issues and address only psychological or psychosocial factors. The second 
conclusion suggests that one should not ignore the possibilities that more thorough diagnostic 
techniques could unearth physical causes and that rehabilitation based on that assumption could 
be more effective than rehabilitation fur psychological disturbance alone. Let's examine each 
of these arguments, 
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Does Absence of Diagnosis Imply Psychological Cause? 

Waddell and co [leagues wrote many manuscripts and guidelines (e.g, 3 19W0, I9H4, I VH 7) on 
nonorganic signs in patients to supfiort the notion of rfcychological disturbance overriding any 
parJioanatonucaS tissue damage (because none was diagnosed). Yet many of these "nonorganic" 
signs are precisely what u r e will use clinically to detect hypersensitivity to loads that cause pain. 
For example, a compressive injury often create* pain under very mild compression when the 
person is in a flexed or slouched posture. Light tou eh and reported pain in a painful region may 
indicate a highly centrally sensitized patient. While the nonorganic signs miy be very helpful fn 
defining risk for surgical candidates, we take the position that they do not indicate psychological 
overlay — in fact the behavior may be physiologically based. Only a rigorous and complete exam 
that includes provocative testing could provide evidence to support the diagnostic hypothesis. 

Teasel! and Shapiro (I'WS) wrote a nice summary of an exrensive experimental literature 
suggcatinir that these pain symptoms may indeed have a physiological basis. They reviewed 
the recent science on the spread of neuron excitability and sensitization of adjacent neurons 
to explain the sensation of radiating pain in chronic conditions. Changes in neuroanatomy are 
coupled with biochemical changes with chronic pain. For example, in fibromyalgia patients, 
numerous studies have shown levels of substance "P" in the cerebrospinal fluid elevated two to 
three times over that in controls {reporred in a review by "teasel^ 1997). While rhe n [inorganic 
sijms described in Waddclls papers are important considerations in many eases and are a con- 
tribution to clinical practice, strong evidence suggests that many nonorganic signs may not be 
exclusive of a pathoanatomieal mechanism that haft eluded diagnosis, 

Some have argued that no link exists between pain and tissue da mage and activity intolerance. 
In ilu- : i >viii corriodii cut evidence: Some groups Insve ■iiniph assumed thai noeieept^ u pain iku 
is not surgically correctable or that has not improved within six weeks should not be regarded 
as disabling (e.g., Fordyce* ] In fact, the Fordyce monograph initiated much discussion, 
iEidudmg several letters (e ,g. T Thorn psoii/Merskey /Tea seli/Fortly ee n 199*5), Fordyees l £ >96 
statements thai ^the course we are presendy on threatens disaster" and that 'Ve change or go 
broke* 1 were particularly revealing- The high cost of treating chronic pain and disability appears 
to have motivated the elevation of the importance of the psychosocial factors so empha sized in 
this monograph . I t is a I so i interesting to observe t be absence of any em i nent biom ech an tea I e xpert 
among the author list Chf the Fordyce report. The Canadian Pain Society stated that the Fordyce 
report literature review "is incomplete and docs not reflect the contemporary understanding of 
chronic low hack pain" (" [ "hi- >m ps* n i /.VI t- rs k t?\f U-nsrll/J <\ >n ] y tv, IWil. Ahm-mi*, the Fordyce 
report largely ignored the evidence linking mechanical overload to measurable changes in spine 
hiolncchanies and spinal pain ueuromeehanieaE mechanisms. Another assumption of the report 
was that most spine LBPs are nonspecific, meaning simply that a diagnosis was not made. 

Could Inadequate Diagnosis Be a Factor in Nonorganic LBP? 

ftngduk and ad leagues (1996) argued thai pain arising From many spinal tissues can be attributed 
to a detectable painful lesion. Forexaniplei the facet joints will produce pain upon stimulation 
(McCall, Park, and O'Brien, 197 0 -). Bogduks point is certainly corrects However, because not all 
lesions are easily detectable, one cannot argue that if a lesion is not detected there ls no organic 
basis for pain. Kor example, fractures and meniscal tears that have been detected in postmortem 
studies have not shown radiolojrically on planar X-ray (jonsson et aJ„ 1991; laylor, Twomey, 
and tx>rker P 1990) or on computed tomography (CT) (Schwa r^er et aL 1995). Nor have freshly 
produced Fractures and articular damage been outwardly detectable radiographics I ly in animal 
models (Yinjrlmg and .V1cCiill h 20(K)). Yet these are the typical diagnostic procedures used. 

Interestingly, Bogduk and colleagues (i996) and Lord and colleagues (1996) showed that 
injection of anesthetic (placebo- control led diagnostic blocks) convincingly demonstrates that 
facet joints are often the site of pain origin. Further, disc studies examining the pain response of 
welt over IfHJO discs in over 400 people undenting disco tnaplly by Vail ha ran ta mid colleagues 
(19^7) (subsequently reappraised by Moneta et al. in 1 994 and reported by Bogdtik et al, in 1 9%) 
showed a clear and statistically significant correlation between disc pain and grade ^ fissures 
of the annulus fibrosis. Most physicians would proljably not detect these deep fissures of the 
annuius. In a rigorous and systematic study of diagnosis based on anesthetic blocks, Schwarzer 
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and colleagues (1W) were able to diagnose over 60% of the LBD cases cited in the study by 
Hogduk and colleagues (1996) as being internal disc disruption (59%), facet joint pain (15%^ 
and sacroiliac pain (12%), Bogduk and colleagues (19%) stated, "If inappropriate tests such as. 
EMG and imaging are used, nothing will be found in the majority of cases^ falsely justifying 
the impression that nothing can be found," Clearly we must question the statement that 85$5 
of LBD eases are idiopathic or have no definitive pathoana tonne al cause, 

■\t tlit- World Congress for Lutnbopelvic Pain in 1995, Professor Bogriuk proposed many 
reasons to caution against defaulting to a psychosocial cause of hack troubles, which are most 
thought provoking: 

* First consult: The usual practice of a 1 0-mintue consult is simply p0ot practice such that 
there is no chance for a full assessment of causal mechanisms. 

* Evidence-hased ma nagemcnt; Faith in passive interventions continues, Icadi ng it. > fru s-tra - 



Issue of certificate: Rather than engaging patients, uncovering causes of their troubles, 
and soon T a clinician makes the decree with the issuance of a certificate for time off, light 
duty, or so forth. 

Workplace intervention: Was the occupationally related cause of the back problem 
addressed? 

GirTcct treatment: Was the treatment appropriate or more a con sequence of convenience 
or what may be socially correct? 

Investigations: Prolonged pain requires thorough investigation. False positives from tests 
are an iatrogenic nightmare and their possibility must be considered in these cases. 

Treatment of chronic LBP: Simply the wrong treatment or therapeutic exercise was 




f a claim: Compensation board has made an Incorrect decision. 

* Lawyers: Encourage retain] nent of the disability for maximal claim. 

* Expert witness; False witness claiming the cause to be psychosocial. 

1 must admit char 1 have had to deal with everyone of these points while working with patients* 
medical management groups, and the lej^al process. "They arc important. 

Helpful Strategies for Undiagnosed LBDs 

Some physicians are clearly frustrate d with rhe delayed improvement of undiagnosed chronic 
LIU > patients. This Frustration, together with concern for the financial health of the compen- 
sation system, may have motivated the Fordyce report to emphasise psychosocial modulators 
rather rhan organically based variables ro explain intolerance to certain types of activity. But 
dealing with frustration on the basis of false assumptions will not help the situation. What, then, 
are more useful approaches to undiagnosed chronic cases of LBD? 

As in yiv\ \ i :n rJii r. main clini ei ans do nt >t have the expertise or tools to diagnose hack trou hies at 
a tissue-based level. Pro vocative testing will enable many physicians to identify painful motions 
and loading, By iutegra ting biomechanics with such testing, physicians Haay be aided in making 
functional diagnoses, 

lit a small study Delitto and colleagues £iW§) suggested that appropriately classified back 
pain sufferers (those with functional classifications rather than tissue-specific diagnoses) do 
better with specific treatments. Further* as patients progress through rhe rehabilitation process, 
they seem to require different treatment approaches. For example, several studies suggest chat 
manipulation can be beneficial for acute short-term troubles, while physical therapy and exer- 
cise approaches appear better for chronic conditions {Skargren, Carlsson, and Oberg* 1^98), A 
major limitation of these studies is that none has assessed progressive treatments that change 
as the patient progresses through the rehabilitation process; rather, they all have assessed < 
single treatment approaches, Future studies must assess the efficacy ot" staged programs in wt 

! treatment i 
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In summary the position suggesting that there is no detectable pathoanatoinical basis Ibr pain 
and activity intolerance in ^nn: parienl 1 ; and ihus rlwi rJie.se are functions of only psychosocial 
variables does not appear to be defendable^ Improved tissue-based diagnosis, improved provoca- 
tive testing and improved Functional diagnosis and better understanding of die interactions of 
psychological variables with parjinanatomical variables appear to have promise for helping to 
improve treatment outcome a. 

Are Biomechanical Variables 

and Psychosocial Variables Distinct? 

Are biomechanics] variables antl psychosocial variables distinct, or is there an interplay between 
them that, if understood, would underpin a more evidenced -based interven tion program? 

Alost reports have made a dear separation between psychosocial and biomechanical. factors, 
But is there any evidence that psychosocial factors could modufatc musculoskeletal loading — or 
vice versa? First, consider that highly res peered pain scientists present volumes of empirical data 
demolishing ihat pain perception is modulated by sens-nry* neurophysiologies!, and psycho- 
logical mechanisms h suggesting that the separation of the two for analysis is folly (e_g^ Melzack 
and Wall, 1^8?), Teaselt argued quite convincingly that, while psyi-hofugkal factors have 

been cited as being causa live of pain ami dfeability, in fact psychological difficulties arise as the 
consequence of chronic pain (see also Gatchcl, Boiatin, and Mayer, Radanovet aL, }9 l M-} 
and disap[Mjar upon its resolution (see also Wallis h Lord* and Bugduk, 1997; I licks ct aL, 2005; 
Mannion etaL 2(101), Interestingly, when depression is cracked as a variable, some evidence 
suggests rbat hack pain is a predictor of depression (e.g. h Curry and Wang, 2004), yet depression 
can predispose people to pain (Lepine antl Brilcy, 2004). The evidence is compelling — pain and 
psychological variables appear ffi be linked in a bidirectional relationship. 

Is there more direct evidence that psychosocial factors are inextricably linked with biomechani- 
cal factors? - Marras and colleagues (2000) noted that certain personality factors, together with 
some psychosocial variables, appear to increase spinal loads by up to 27% in some personality 
types, via muscular eocon fraction. This appears to occur at moderate levels of loading, whiJe 
biomechanical loading overrides any psychosocial effects under larger task demands. This con- 
clusion was strengthened with a field study linking these general mechanistic observations with 
reporred LBD in workers. In summary, I-KIJs appear to lie associated wirh both, loading and 
psychosocial factors, and these factors seem to lie related and multifactorial. The same conclu- 
sion appears to be valid for many types of chronic pain conditions (Gamsa, 1 990). 

Consider this final tale and logic, My loving- dog developed a painfiil knee- Simply my reaching 
toward her knee caused her to sink her teeth into my arm as she recoiled. Was she displaying 
psychosocial disturbances causing her pain or a natural response to avoid mechanical loading 
that she knew would hurt her? 

What Is the Significance of First-Time Injury Data 
for Cause and Prevention? 

One of rhe best indicators of future back troubles is a previous history of hack troubles {Bigos 
etc aL, 1-991 j Burton, Tillotson„ and Troup, ]Wh Troup ct al., 19#7). This suggests that studies 
iriTivsl-limt- liael; imLEhle qii^ks m.iy Ii:.- i|uiU- rev^d-nu \\>r cuusU/.v;.- i,iiU n\ ltiivicin/[ ill"l- 
son, Symnnds, and a>lleagT.iesUV9fi) studied police officers in Northern Ireland wearing >H kg 
(18 lb) of body armor in a jacket (this additional load was borne by the low back). This group 
demonstrated a shorter period of time to their first on set of pa in when compared to officers in 
an English force that did not wear the body armor, The authors also found that speeding more 
rhan 2 horn s per day in a vehicle constituted a separate risk for first-time onset of LliP. Another 
survey (Troup, Martin, and Lluyd, 1981) noted that falls among employees across a variety of 
industries were a common cause of first-time onset and were associated with longer periods of 
sick leave and a greater propensity for recurrence than were injuries caused by other mecha- 
nisms. (Ligamentous damage resulting from this type of loading is discussed in chapter 4.) It is 
also interesting to note that personal factors appear to play some role i n first-time occurrence. 
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Biering-Sorensen (1 984) tested 449 men and 479 ■women for a variety of physical characteristic* 
and .showed that rhose with larger amounts of spine mobility and less lumber e.srensor muscle 
endurance (independent factors) had an increased occurrence of first-time back troubles, Luoto 
and colleagues £l9$5j reached similar conclusions, Muscular endurance, and not anthropometric 
variables appear* to he protective, 

Some injuries just happen as the result of motor control errors. (This interesting mechanism 
is introduced in chapter 5, where we describe witnessing an injury using vi deofluoroscopy to 
view the spine,) These may be considered random events and may be more likely in people with 
poor motor control systems (Brereton and McCul!, 199 [ >}. 

How Do Biomechanical Factors Affect LBD? 

Several approaches have provided evidence into the links between biomechanics] factors and 
LBD. A few are summarized here. 

Mechanical Loading and LBD: Field-Based Risk Factors 

( )f the epidemiological studies that have focused on kinematic and kinetic biomechanics] factors, 
a few investigated loading of low back anatomical structures. These; would be considered to be 
the strongest evidence. The majority of the studies, however, assessed indirect measures that 
are linked to spinal lolling such as the presence of static work postures, frequent torso bending 
and twisting, lifting demands, pushing or pulling exertions, and exertion repetition. While tissue 
overload is the cause uf tissue damage and related back troubles, these indirect measures of load 
merely act as surrogates, The attraction of using surrogate measures rather rhan direct tissue 
loads per se for epidemiological study is that they are simpler to quantify and survey in the field. 
However, trade-offs exist among methodological utility, biological reality, and robustness. Risk 
faam\ rdnct'd [" spedftf [i^E^-lMsed injury mechanisms are found in chapter ft, 

Several issues should be kepi in mind when one is interpreting this literature. Virtually all 
reviews of the epidemiological literature (e.g. 5 Andersson, 1991; Pope, 1989) have opted that 
specific job titles and types of work are associated with LBD (although LBD is defined differently 
in different studies). In particular^ jobs characterized by manual handling of material s> sitting in 
vibrating vehicles, and remaining sedentary are all linked with LBD. I Iowcver, this type of data 
din-, in)! ivw.d \r-.\:ib .iijuin i!i L - links h'.Twtvn ^uTiHc ^h;l]':U i^tics Oi I hi.' k inid the i kk ul' 
suffering LLUJ; specificallyva dose-response relationship has not been elucidated. Furthermore, 
a review of 57 papers that surveyed LBDs revealed no consistency between specific risk factors 
and the development of those disorders (Ferguson and Marras, 1997), This review demonstrated 
the large differences in the way surveillance was performed and in risk factor measurements. We 
are reminded once again that epidemiological approaches alone will not elucidate the biological 
pathway of the development of LBDs T a process that must be understood to develop optima! 
prevention and rehabilitation strategies. 

As noted, the majority of specific risk factors that are addressed in the epidemiological lit- 
erature (which is surprisingly sparse) arc really surrogate factors, or indirect measures, of spine 
load. These surrogate factors are Static u ork jxistures; seated work postures; frequent bending 
and twisting^ lifting, pulling, and pushing; and vibration (especially seated). 

■ Static irork ptatures. Research has suggested that work characterized by static postures 
is an LBD risk foctor. While many studies have suggested a link with static work r the key paper 
on this topic was presented by Punnett and coworkers ( 1 99 1 ) n who reviewed 1995 back injury 
cases from an auto assembly plant. Analyzing jobs for prsstural and lifting requirements, they 
found that LBDs were associated with postures that required main taming mild trunk flexion 
(defined as the trunk flexed forward from 21° to 45*) (odds ratio = 4,9), postures involving 
maintaining severe trunk flexion (defined as the trunk being flexed forward greater than 
! ? i ; i .J d i.l s ra tio = 5 . 7 ) , an d pos tu res i n volvi ng tru nk twi sts ng or latcra S bend i ng an" ea tcr than 
2Q D (odds ratio = 5,9), Their results suggested that the risk nf hack injury increased with 
exposure to these deviated postures and with increased duration of exposure. Deviated postures 
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greatly increase low back tissue loading, particularly when they must be held (Marras et aL 1 99$ \ 
McGi"lL [997). 

■ Se&ttdwark postures* Kefsey (1975) linked the seated work posture to a greater risk of 
I Kl > In j it. ii l- ICCC1I1 Study, * "in" .uul o^k"l;_'UL-M l^'Hx) HiLi^cd ih.a uhlirnipi cnlki 

(sedentary) workers who must sic for long periods have a greater risk of low back troubles (8% 
increase in odds risk), active Hue collar workers gain some prophylactic effect from sitting tfown 
(14% reduction in odds risk). This suggests that variable work, and not too much of any single 
activity, may have merit in reducing mechanically induced low back trouble*;, 

■ fveqatnt httuthig and twisting. ' fhe U -S r Departme nr of Labor report ( 1 °&2) and many 
more studies (summarized by Andersson, VMl; Marras ct aL, 1 995 ; Punnctt et jL 199] ; Snook, 
1982) noted the increased risk of LBD from frequent bending and twisting. In fact, M arras 
documented in several studies the increased risk of LBD with, higher torso velocities (e.g., Al arras 
et at,, 1993, 199S). (Note that this is isolated spine motion and rait nonspecific torso motion,} 
While these studies did not examine a mechanism to explain a Link with LBD, the associated 
motion with En the spine will be shown in chapter 5 to form a pathomeehanism for very spud I ii 
disabling LBDs, 

■ Lifting, pulling* and pushing. The Nationa ! Institute for Occupations 1 Sa fen ant 1 1 Idaho 
report (NIOSI I F 1 98 1) provides a gbcriS review linking activities requiring lifting:, pushing, and 
pulling u ith iiKTeiwd Task of [ MIX 

■ P'ihmtmii* Kiiially, vibration, particularly seated vibration, is linked to elevated rates of 
LBD (e^., Kelsey, 1975i Pope, 1989}. 

* Gemratxm of spine pouter. The concept of powe r (force times velocity, or in the context 
of the spine, spine bending velocity with simultaneous muscle force) has not heen well formulated 
because it is a variable that is calculated rather than directly measured. However, it appears that 
when the spine muscles arc required to generate high forces, the motion needs to lie very n[ow 
or static to reduce the risk. ( )n the other hand, if the bending velocity is high, then the muscle 
forces need to be low. Either way, low power is required to minimize risk. This is substantiated 
by professor Mams' work linking velocity and acceleration to higher risk. In addition, in Our 
own laboratory work we have begun experiments, loading people's spines isometrically and then 
with different combinations of load and motion, We had to abandon the experiments due to 
pain generated when higher power levels were reached. 

While all of the risk factors noted here ha% r e been epidemiological!)- linked with an increased 
incidence of LBD, a sulMsccjucut section on tissue damaL(e will provide insight into the mecha- 
nisms linking mechanical overload, the onset of pain and disability, and the natural history of 
these injuries as they pertain to job performance. 

What Are the Lasting Physiological, Biomechankal, 
and Motor Changes to Which Injury Leads? 

The following discussion of recent studies illustrates the substantial literature documenting 
specific performance deficits and subsequent anatomical changes in LBP populations. 

* Several .stu dies have documen ted l c h a nge i n m fl scul a r h n etion a fter in jury (nicely sum- 
marized in Sterlings Julk and Wrights 2001); These includes for example* 

- delayed onset o f specific torso muscles d u ring s □ dden events (Hodges and Richardson, 
1996, I W9) that may impair the spines ability to achieve protective stability during 
situation* such as slips and fells; 

- changes in torso age mist-antagonist activity during gait ( Arcndt-N let son ct ah, 
1W); 

- inhibition of back extensors in rhe presence of pain (Zedka et al, P MW}^ and 

- asymmetric muscle output during isokinetic torso extensor efforts (Grabber, Koh, 
and Ghazawk 1^92} that alters spine tissue loading. 
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■ Anatomical changes following low I jack iniuLy include asymmetric atrophy in the mul- 
tifidus (Hides ct aL, 1W4) and fiber changes in the multtfidus even five yean; after suurery 
(Ranranen eial., 1993), Further, in a very nice study of 108 patients with histories of chronic 
LiJD ranging from four months to 2(1 years Sihvonen and colleagues {1997) noted that 50% had 
disturbed joint motion and 75% of those with radiating pain had abnormal clteuximyograrns to 
the medial spine extensor muscles. 

* Finally^ a recent study of those with a hi stc )ry of It >w Irac k tn jubl es has sh( )wn a wide variety 
of linden £kg deficits (McGill et a.!., .2003). The back troubles were sufficient to cause work loss, 
by i the subjects had been back to work far an average of 270 weeks, Generally those with a 
history of troubles were heavier and had disturbances in the flexor/extensor strength ratio and 
the flexor/extensor endurance ratio together wit h the lateral bend endurance ratio, had dimin- 
ished gross flexion range of lumbar motion, and kid lingering motor difficulties compromising 
their ability to balance and bend down to pick up a light object. None of these changes conld 
be considered good. 

The; broad implication of this work is that a history of low back trouble^ even when a sub- 
stantial a]nount of time has elapsed since the trouble, is associated with a variety of lingering 
deficits such that a multidisciplinary intervention approach would be required to diminish iheir 
presence. This collection of evidence is quite powerful in documenting pathoneuroniecbanica I 
changes associated with chronic LBD. These changes are lasting years — not 6 to 12 iveekn! 

What Is the Optimal Amount of Loading 
for a Healthy Spine? 

Lucid interpretation ol rh<j data in the epidemiological literature i.q limited hy rhe hu-r thar rhe 
levels at which tissue damage occurs remain oEiscure. Many are concerned with the known 
tissue damage that octurs with high magnitudes of load, repetition, and so on. For example, 
Herrin and colleagues (IWd) found thar musculoskeletal injuries were twice as likely if the 
worker's lumbar spine was exposed to compressive forces that exceeded frSOO N (predicted with 
a bjomcdianieal model). On die odter hand, several of the epidemiological studies have not 
Ivt-n a bit: ro support a link between heavy work + when crudely measured r and the risk of LH33 
(e.g. h ?s er al. h 1 ( Wj; Porter^ \ 9$7). Mitigating factors appear to include repetition -f similar 
movements and varietv in work. 
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la the -discussion of the U-shaped reJationship between activity levels and LBD discussed in 
chapter I , we saw that srress at optimal levels strengthen* f he system^ while too little or iocs much 
is detrimental to health. Kelsey (1 [ >75) demonstrated a greater than expected increase in disc 
protrusions among sedentary workers. While many consider sitting a "low-load" task, in fact it 
creates damaging conditions fbrthe disc—the mechanism nf which will he explained in chapter 
5. This has obscured the emergence of a much clearer relationship among biomechanical load- 
ing 1 , disc herniation, clinical impressions, and the ability to perform demanding work. Further, 
Vide nun ami colleagues (19905 strafied a cross seciion of retired workers hy comparing their 
LBD histi try with their magnetic resonance imaging{MRl) scans. A history of back pain and the 
visible parameters of spinal pathology were least prevalent ill workers whose jobs had included 
moderate activity and mosi prevalent in workers with either sedentary or heavy work, 

Many studies compare just two levels of work — for example* light versus beavy> light versus 
moderate, or moderate versus heavy. Because any relationship other than a straight iinc requires 
more than two points (o.r levels of activity or levels of loading), such studies cannot illustrate 
the U-shaped relationship, Consider the data compiled in a thorough epidemiological study 
reported by Liira and colleagues. (1^96) of LBD prevalence and physical work exposures. Even 
though the authors considered only the upper levels of excessive loading, they concluded that 
one-quarter of excess back pain ninrlmlity could he explained by physical work exposures, The 
real possibility 7 remains that this is an underestimate. 

Furthermore, the nature of LBD appears to be affected by the type of work. Videman and 
colleagues ( I WH)) noted a tendency among those who had had sedentary careers to have marked 
disc degeneration in later years, while those who had performed heavy work (defined as not 
only lifting but also requiring large trunk motions) tended to have classic arthritic changes in 
the spine (stenosis, osteophytosis , etc,}. In a similar study; JJatrie and colleagues (1995) reported 
an apparent contribution of genetic factors to various a ire -related c h a n ee s tn the spine using 
monozygotic, twins, given significantly greater similarities in spinal changes than would be 
expected by chanccn 

Porter (19H7, performed two studies furthering the notion of an optimal loading level 
For health. The first study tracked miners and nonmincrs treated at hospitals for buck pain, 
While significantly more miners reported for back trouble compared wish mmnunn's. signifi- 
cantly fewer were diagnosed with disc protrusions, while significantly more were reported to 
have stenosis and nerve root entrapment: (conditions associated more with the arthritic spine 
according to ihe data of Videman, Nurminen* and Troup* [990). The second study evaluated 
questionnaire results from 196 parients with symptomatic disc protrusion and S3 with root 
entrapment syndrome. They were asked about their history of heavy work between the ages of 
15 and 20 years. Significantly more subjects with disc protrusion had done no heavy physical 
work in those early years. By contrasts more of those with nerve entrapment syndrome had done 
five full years of heavy work between 15 and 20 years of age. These collective data surest diat 
different work demands cause different spine conditions and perhaps that the optimum loading 
is different for different tissues. Nonetheless h the optimum activity appears ro be varied work 
at a moderate level between sedentary and heavy work. 

What constitutes an optimum load — a load that is not too much, not coo little, not too 
repetitive, and not too prolonged? Currently, we are in need of assessment tooLs for determining 
optimum load to guide the intervention toward optimum health. 

What Are the Links 

Between Personal Factors and LBD? 

Some personal factors such as muscle endurance (not strength) and less spine range of motion 
(not more) arc prophylactic for future back troubles. These will be addressed in part [II, "Low 
Back Rehabilitation,* A few other personal factors are noted here. 

A few specific personal factors appear to affect spine tissue tolerance according to the existing 
literature; a^e and gender are two exam pies. J ager and colleagues (1991) compiled the available 
literature on the tolerance oflumbar motion units to bear compressive load that passed their 
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inclusion criteria. Their results revealed diat when males and females were matched for age, 
females were able to sustain only approxi mutely two-thirds of rhe compressive loads of males. 
Furthermore Jasjer and colleagues 1 data showed that within a given gender, the fiO-year-old 
spine was able to tolerate only about two-thirds of the load tolerated by the 20-year-old spine, 
Keep in mind that age and gender are very simple factor*. 

It appears that other personal factors, such as poor motor control system "fitness," can lead 
to a back injury during ordinarily benign tasks inch as picking up a pencil from the floor. The 
modeling data of Choi e wick i and McGill (IMM) suggest that the ■ipinv cm easily buckle during 
such a task. When the muscle forces are inherently low, a small motor error can cause rotation 
ofa single spinal joint,, placing all f lending moment support responsibility on the passive tissues. 
Such scenarios do not constitute excessive tasks, but patients often report them to clinicians as 
the event that caused their in jury. This phenomenon will not he found in the scientific literature, 
however. Many medical personnel would not record this event as the cause of injury 7 since in 
many jurisdictions it would not be deemed a compensable injur)-, These types of injuries seem 
to he more influenced by the fitness of an individual's motor control system than by factors 
such as strength, McCill and col leases ( 1W5) noted that people differ in then ability to hold 
a load in their hands and breathe heavily. This is very significant since the muscles required to 
he continuously active to support the spine (and prevent buckling) are also used to breathe by 
rhythmically contracting. Those who must use their muscles to breathe in this way sacrifice 
spine stability. Interestingly, we have measured changing strategies in those with compromised 
lung elasticiry (smokers* emphysemics^ etc P ) who use their back extensors to assist with lung 
inflation^ resulting in the perverse effect of enhancing stability at the expense of wearing down 
the endurance capacity of their back muHdestWan^etal., in press), All of tbe&c deficient motor 
control mechanisms will heighten biomechanics! susceptibility to injury or reinjury (Cholewieki 
and MeGill, 1996) and are highly variable personal characteristics. 

Additional factors other than simple load magnitude appear to modulate the risk of tissue 
damage. The mechanism or" disc herniation provides an example. While disc hernia dons have been 
produced under controlled conditions (e.g., Gordon et al., they have not been produced 

oonsistejttly. Our lab has been able to consistently produce disc herniations by mil nicking spine 
motion and load patterns seen in workers (Callaghan and McGilt, 2001); Specifically, it appears 
that finly a very modest amount of spine compression force is required (only KCMMOdO N) t but 
tile spine specimen must he repeatedly flexed — miniickintc repeated torso-spine flexion from 
continual bending to a fully tiered posture, The main relevance for this issue h thai the way in 
which workers elect to move and bend will influence the risk of disc herniation. This highlights 
the need to examine how workers move in standardized tests at the beginning of their careers 
while they still have ^virgin 1 * backs, making it possible to determine cause and effect. Recent 
evidence suggests that those with a history of hack troubles are more likely to lift flexing the 
spine and not the hips n increasing the risk of future back damage (McGili et al. T 2003). 

What the Evidence Supports 

In summary, it is interesting to consider why only some workers become patients. There is no 
question that damage to tissue can he caused by excessive loading, and damage causes pain. How* 
ever, pain is a perception that is modulated Isy psychosocial variables in addition to physiologicai 
injury. Clearly both psychosocial and biomechanics! variables arc associated with LBD and are 
important in preventing low back injury and the ensuing chronictty; collectively the evidence 
from several scientific perspectives is overwhelming. The relative importance oi either is often 
difficult to compare across studies as the metrics for each are different — biomechanics! variables 
are reported in newrons, newcon-meters, numbers of cycles, and so forth, while psychosocial 
variables are reported in ordinal scales linked to perception (independent risk: factors can be 
compared usine; odds ratios). Some influential reports have itmored hiomechanical evidence and 
promoted psychosocial variables as being more important However, no study of psychosocial 
variables has heen able to conclusively establish causal links- — only association. Some hiomechani- 
cally based studies h together with the chronic pain literature, are strongly coEivincing in their 
establishment of both association and causality. Thank gladness! We can now proceed. 
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Buck injury can begin with damage to one tissue, buiihischanecH ihir Murium hank-al function 
of the joini. Tissue stresses- change and other tissues liecome invnlvedi leading to progressive 
deterioration with time. Tissue damage docs not always result from too high a load magnitude. 
In die ease of disc herniation! repetitive morion, even in the absence of large loads, seems to be 
a significant causative mechanism, The notion that tissues heal within 6 to 11 weeks and that 
longer-lasting work intolerance has no pathoanatomical basis appears to be false; tissue injury 
data and the science of chronic pain mechanisms strongly suggest otherwise. 

Understanding the role of biomechanics I, psychosocial, and personal factors together with 
their interrelationships will build the foundation for better prevention in the future. The- chal- 
lenge h to develop variable toleranee guidelines, psychosocial £uidelilics h and higher-level 
medical practice codes. 

On balance the evidence supports the following statements: 

■ Biomechanics! factors are linked to both the incidence of first-time low hack troubles 
and absenteeism, and sulMcqucnt episodes. 

* Psychosocial factors appear to be important as well but may he more related to episodes 
after the initial back-related episode. 

* Psychosocial and biomechanics factors appear to influence each other, in terms of both 
causation of work absence and the course of recovery, 

* Treatment to reduce back pain often leads to a reduction in psychosocial issues, not the 
other way around. There is overwhelming evidence that once patients can obtain a sound 
night's sleep and can eliminate low-level chronic pain n their psychological constitution 
and mental toughness return. 

* The relationship between loading and LBDs appears to be a U-shaped function with the 
optimal loading being at a moderate level, 

* Low back tissue damage can initiate a cascade of changes chat may cause pain and intol- 
erance to certain activities, and these changes may be disruptive for up to 1 0 years in an 
unfortunate few. 

* Many types of tissue damage can escape detection in vivo. Even fjtoss damage visible 
during dissection is often not visible on medical images. "Thus, nonspecific diagnosis 
ntnes not rule out the presence of mechanical damage and must not be used to imply [hat 
mechanical factors are not related to LED. 
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CHAPTER 4 

Functional Anatomy 
of the Lumbar Spine 



The average reader nf this honk will have already studied basic anatomy of the spine. This 
chapter* begins by revisiting senile artatomicaJ features, possibly in a way not previously con- 
sidered. Then these features wilt be related to normal function and in jury mechanics to lay tlx- 
foundation for the prevenrion and rehabilitation strategies that follow, I believe that clinicians 
and scientists alike who specialize in fow back troubles Jo not devote sufficient effort to simply 
considering the anatomy. The answers 10 many questions relevant to the clinician can be found 
within an anatomical framework, wherein lies the LL mechanieaS 1h foundation for pre vend ngand 
rehabilitating back troubles. The understanding of injury uieehanisins presented here will help 
ensure that you do not unknowingly include inj.ury-exaeerbating maneuvers in therapeutic 
exercise prescriptions, 

Basic Neural Structure 

The greatest athletes who are elite performers^ and who avoid injury, arc very wise in understand- 
hvjllh- plocvv- nl t n-\\\-A\ iny :iumi;lt s ami uTo'ipscil i niJH-l:'\ \'Uv\ .i i v i m^i'v ,n u4i\H i iria^i ; Hi 
control the motor unit recruitment process. We study these individuals to ieani their processes 
so that wc can employ these techniques with people who have painful backs, The basics of what 
you need to know about neural integration, some of which are introduced here T can be found 
in wonderful resources such as Kanrfel> Schwartz, and Jessell (2000). 

Motion may occur from a conscious thought in the brain that instigates muscle activation, 
or the activation may result from a more subconscious process involving an encoded pattern 
thought to reside in r he spinal cnrd P Trauma dc events can recode these patterns to perturbed 
states, as can chronic and acute pain. Re -re-coding these perturbed patterns back to normal is 
an issue addressed in the third section of this book. 

Better links between neuroanatomy^ neurophysiology and rehabilitation and training can he 
found in my teatliook Ultimate Btiii: Frii7?sx ttnd Prrtinmnjtf (2006), Several relevant discussions 
illustrate, for example, why machines cannot create the many variations of force development 
wtthin a muscle to stimulate all motor units. In thetorsOi for example, the oblique muscles have 
many neuromuscular compartments that must be stimulated with demand. Slow and isolationist 
approaches typical of bodybuilding do not offer a rich proprioceptive environment providing 
variable morion, balance, force projection, and direction challenges involving the foil linkage. 

Another aspect for designing the best manual therapies is based in neuroanatomy. Whi!e a 
wonderful neuroanatonuca] source is David Butler's book The Sensithe Nervous System (2000), 
an introduction to ihe concepts is attempted here. Often, pain their is attributed to muscle 
turns out to be neurogenic pain. The tests described later in this book are founded on several 
principles. Anatomieaily h the spina 1 cord and all nervous tissues linked in series (lumbar nerve 
roots, the sciatic nerve, etc) can be tensioned, released, mobilised, and flossed with specific and 
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coordinated joint motions Tensioning nerves only causes more pain — neurogenic pain cannot 
be stretched away. Sadly, tpo many patients with "right hamstrings" or sciatic symptoms pursue 
stretching programs that produce only temporary relief, This relief resu lts from the activation of 
the stretch reflex in the back extensor muscles, bui it typically lasts only about 2D minute. The 
pain and stiffness return. It is often possible to break [he cycle by replacing the stretching with 
neural <l mohi I i nation * Butler describes welt the henefits of mobilizing a nerve along its entire 
tract together with the mechanics that create local tensions. With coordinated cervical^ hip, 
knee, and ankle motion the lumbar nerve roots, cauda equina, and sciatic trace can be mobilized 
and flossed without tensioning (shown in chapter 12), We have WO many cases of intransigent 
sciatica cured with this approach to ignore it. 

Vascular Anatomy 

All spinal tissues have a vascular supply with the exception of the disc. The iuipli cations of the 
avascular nucleus are described in the disc section of this chapter, The curious case of vertebraJ 
veins is introduced here. The veins leaving the vertebral bodies are the only veins in the body 
known to lack valves. Venous valves prevent baekflow of blood. But as will be shown shortly 
in the discussion of vertebral m.echanics r this anatomic feature is critical. It appears that the 
veins act as a hydraulic outlet from rhe vertehral bod}> enabling the expulsion of bbod under 
high compressive loading. In this way lx>th the arteries and the veins may provide a protective 
mechanism and the ultimate hydraulic shock dampening system. 

The Vertebrae 

As you undoubtedly know, the spine has \2 thoracic and five lumbar vertebrae, "The construc- 
tion of the vertebral bodies, themselves may be likened to a barrel with round walls made of 
relatively stiff cortical bone (see figure 4.1), The top and bottom of the. barrel are made, of a 
more deformable cartilage plate (end plate) that is approximately t).6 mm (QM'i2 jn,) thick but 
thinnest in the central region {Robert^ Menage, and Urban, 1989). The end plate is porous 
for the transport of nutrients such as oxygen and glucose, while the inside of the barrel is filled 
with cancel tous bone, trabecular arrangement within the cancellous bone is aligned with 
the stress- trajectories that develop (luring activity. Three orientations dominate— one vertical 
and two oblique (Gallois andjapoit, 1925) (sec figure 4.2), 

Vertebral Architecture and Load Bearing 

The very special art Mecture of die vertebral bodies determines how they bear compressive load 
and tail under excessive loading, The walls of the vertebrae (or sides of the barrel) remain rigid 
upon compression, but the nucleus of the disc pressurizes (the classic work is by Nacbemson, 1^60, 
and causes ihe cartilaginous end plates of the vertebrae to bulge inward, seemingly to com press 
the cancellous hone (lirinekmann, Uiggemann, anc! Hilweg, 19H9). In fect n under compression the 
cancel kius hmn fails first {Gunning, CMaghan, and McGiil, 2(J(H). making it the determinant of 
failure tolerance of the spine (at least when the spine is not positioned at die end range of motion). 
It is difficult to injure the disc an nubs this way (annular failure will he discussed iaxer), 

Although this notion is contrary to the concept that the vertebral tjodies are rigid, the func- 
tional interpretation of this anatomy suggests a very clever shock-absorbing and load -bearing 
system, Farfan (j 973) proposed the notion that the vertebral bodies act a.s shock absorbers of the 
spine, although he based this more on vertebral body fluid flow than on end-plate bulging. 1 lc 
suu^sted that the discs were not the major shock alraorbers of the spine, contrary to virtually any 
textbook on the subject. Since the nucleus is an incompressible fluid, bulging end plates suggest 
fluid expulsion from the vertebral bodies, specifically blood through the perivertebral sinuses 
(Ruaf, I960). This nicchauisni suggests a protective dissipation ufjou quasistatic and dynamic 
compressive loading of the spine. The case study literature abounds with compression fractures 
of the vertebral body during dynamic loading where the disc remained intact {for example, during 
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Figure 4.1 Thy parts of a lypical lumbar vertebra. 
IfTMfte courtesy of Primal Picture. 




Copyrighted Material 



Copyrighted Material 



Low Back Disorders 



loboggaiikig and sledding [Kelly and Robinson, 2003]}. More vertebral body-based stfaotikr 
ahsorbing mechanisms aredficurnenterfsnbsequenrJy- In summary, the comnwm statement found 
in many textbooks that the discs are the shock absorbers o f the spine now a fine an* questionable; 
rather, die vertebral bodies appear to play a dominant role In performing this function, 

Delonnable vertebrae is a new notion t'nr many, How do the end plates bulge inward into 
seemingly rigid Ixjne? The answer appears to be Lit the architecture o f the ea nee] Ions bone. Ver- 
tebral cancellous bone structure is dominated hy a system of columns of bone (shown in figure 
4.3) that rim vertically from end place to end plate. The vertical columns are tied together with 
smaller transverse trabecular Upon axial compression, as the end plates bulge into the vertebral 
U dies, these columns experience compression mid iip[*enr tn html. Under excessive compressive loud, 
the bendin j columns will buckle as die smaller bony transverse trabecule fracture, as documented 
by ly hrie and Schsffier (1 V u 4) (see figure 4 J), Jn this way; the cancellous hone can rebound back to 
i& original shape (at least °5% of the original unloaded shape) when the load is removed, even 
after suffering" fracture and dela minac ion of the transverse trabecular This architecture appears 

to afford excellent elastic deformation t even after marked 
damaf^c, and then to regain its original structure and func- 
tion as it beak Damaged cancellous fractures appear to 
heal quickly given the small amount of osteogenic activity 
needed, at least when compared with the Ici-itlIi \ A v.w.-j 
needed to repair collagenous tissues. 

.Miciiofracturing of the rrsheculae can occur with 
repetitive loading at levels well below the failure level 
from a single cycle of load. Lu and colleagues (2001) 
demonstrated that cyclic loading at 10% of ultimate 
failure load caused no damage or change in stiffness; but 
with 2Q0) cycles of load ii£Q% to J0% of the ultimate 
failure load, both stiffness and energy absorbed at failure 
were decreased. I Uglily repetitive loads^ even at quite low 
magnitudes appear to cause rsiicrodarnage. 

The osteoporouc vertebra is characterised by mineral 
loss and declining hone density in the crabeculae. Because 
transverse f raheculae are far fewer in number than bn* 
gitudinal trabeeulae and because they are generally of 
smaller diameter, the transverse trabeeulae specifically are 
the target for mechanical eoEnpromtse with osteoporotic 
mineral loss (Silva and Gibson, 1997) (see figure 4.4), 

fhucixsijnyjy- the same authors noted a higher tendency 
(or the transverse trabeeulae to disappear in females with 
greater incidence than in males. This loss in mechanical 
integrity of the transverse trabeeulae has a great influ- 
ence on rhe compressive strength of the vertebrae via 
the mechanism described earlier. Thus, the osteoporotic 
vertebra begins to slowly collapse when exposed to exces- 
sive load, with serin I buckling ot the columns of bone 
ultimately developing the classic wedge shape. 

k is interesting to contrast the other extreme of the 
bone density spectrum. The transverse trabeeulae har- 
vested from specimens who performed heavy work (in 
particular, wcighth'fters) were thick ami tlense. In addi- 
tion, where the transverse trabeeulae intersected with 
the vertical columns,, the joints were characterized by 
heavy bony gussering, similar to what a welder would 
weld to strengthen a right-angled joint. The transverse 
trabeeulae appear to be crucial in determining com pres- 
erve strength. 



Understanding Vertebral 
Mechanics 

To truly .appreciate vertebral behavior I 
encourage you to obtain a vertebra from 
a butcher [bovine or porcine H ideal). 
Hold the vertebra end plate end 
plate between your thumb and finger 
and squeeze. If you have never do no 
this before, y«XJ will he amazed by the 
deformation and elastic^ The verte- 
bra experiences similar deformation as. 
the incompressible nucleus of the ciisc 
presses over the central end plate during 
spine compression in vivo. 




Figure 4,3 Under compressive loading, bulg- 
ing of the end plate causes buckling stresses in 
(be vertical hahevutae, which, when excessive, 
cause damage in the transverse trabecular. 
Note fy} the vertical (from compression/ and (b} 
horizontal (from tension] cracks in the transverse 
trabeeulae. 

RrprNpd |fon> Bf>ne, Vol. t$j(ffci Fykie and frticfflcr "Falluir 
mct-Link-m in hiirrun wrtrtoyil (•.in.rr'lhiimLjon^. '" lfS.n. 109. ("rifiy- 
nflhc with periliiMkin uf LlbKviPl Supine;. 
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Yet another observed failure mecha- 
nism of the ^ertehral body is termed 
the "slow crush. j * in which extensive 
trabecular damage is observed without 
concomitant loss of stiffness or abrupt 
change in the load-deform a ri on rela- 
tionship (Gunning C^.i ! la .-.-i . and 
iMcCitll, 2()()l) (see figure 4,5). Since 
slope change in the load-defonnaEion 
rclatioushi p is often used to identity the 
y i eld poi nt, or the ibitial tissue d amage, 
this injury can go unnoticed. Interest- 
ingly enough h vertebrae Failing under 
ever-increasing compressive load will 
gradually increase in stiffness, a testa- 
ment to the wonderful architecture of 
the transverse and vertical trabecular 
A I si i i "i1 i' \'v s1 : n L!j is i h l -n.id r.m di pi ;i 
dence of I sone strenETthj a s the en d piste 
appears to fail first at low load rates 




5-v 



Figure 4 + 4 With aging, the transverse or hor i zonta ! trabecu I ae thj n 
and eventually lose their abrlity to support the vertical trabecular 
whtch can then buckle, causing vertebral collapse, (a) A healthy 
trabecular bone network from a 47-year-old woman, (b) Perforation 
in a horizontal trabecula in an elderly woman. 

Rcprinlrrl frnm ffcwirv VbL 7 I, ^4 1 Si|vri and I C-fown, "MrxWlnj; ihr mprh.inir>>l bcLwior 
Erf vtiultfal frabstuiar hon&. fcffeas jfle-htkaiwd clunqs in mlirtu«n*.uirf,'" I.?>t»t i 9fli 
Copyiljgfit iy*)7.. with pemilsslcm frufii Ebtvfer SoHite. 



while the vertebral hony elements tail at liigher load rates (see figure 4,£) r 

Both the disc and the vertebrae deform while supporting spinal toads. Under excessive 
compressive loading, the bulging of the end plates into the vertebral bodies also causes radial 
stresses in the end plate sufficient to cause fracrure in a stellate pattern (see figure 4.7), These 
fractures, or cracks, in the end plate are sometimes sufficiently large to allow the liquid nucleus 
to squirt through the end plate into the vertebral body (McGiU, 1997) (see figures 4.8 and 4.9). 
Sometimes a local area of 'hone collapses under the end plate to create a pit or crater that goes 
on to form the classic SehmorJs node {see figure 4.10 h a-b). This type of injury is associated with 

Linii|HTS-iii)3i :ii "the spine when the spirit: \\ ithm ilie nc\\-.r d i\i;i<jl- * il" t i* in (\ nut hVvtxl, 

bent, or twisted). In my experience, this type of compressive injury is very common and often 
misdiagnosed as a herniated disc due to the flattened inteniiscal space seen on planar X-rays. 
! lowever, note that in end-plate fractures, the ailnulns of the disc rcEtiains intact. It is sin "-ply i 
case of the nucleus leaving the disc and progressing chnough the end plate inio the cancellous 
core of the vertebra (sometimes referred to as a vertical herniation). Over the years we have 
compressed over 400 spinal units in a neutral posture, and all but two resulted in end-plate 
fractures as the primary tissue damage. 




1 1 : * • 



4 



— - — i— 



.J 



Figure 4,5 (d) Massive trabecular damage found during the dissection and removal of marrow- following an excessive 
"staw crush* compressive load, ft) Higher magnification of the crush fracture. Even this massive fracture was not *. k'<u mi 
X-ray or any other examination method. 

Kr^jfinri'd irnm rii'nir ,!. 1 flrrvn™ fi.jmV^. Vijl. Ifii.fsi |. fiunninp, |. Calldghan, *rn] S. MrCill, "11m. 1 ml* 1 nr (iirirjf ki.idin^ hiskary ,irnl ^ hin.i I (injure un \7ic r omrm'wivr* 
LliImi.li-.i m .11 ilI Ivj-n- ul r,nlup«! In iJi-.: ^uftff uh\f\ft j ptnt^rw iTdUnu httdel * 4?1 -IBU. Cuftyllflhl. ZLH>1 r wllh perm|jHldci 0\ bJ^viH. 
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□ End plate 

□ Vertebral body 



3,000 
Load rata (N/s) 



N = 6 
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Figure 4+6 Cam predion injuria* j1 dilFwenr load rates. At low rates of compressive load the en-d 
ptpiifi appears Bp be the first structure to fail, bul bone will fracture first under higher rates of load. 




Figure 4,7 Stellate-patterned end-plate fracture (indicated with arrow) occurs as the nucleus is 
pressurized under compressive load, which causes ft tobulye the end plate, imparting tensile stresses. 



End plate 



Nucleus 







Figure 4,8 Under com press ive loading the nucleus pressurizes, causing the end plate to bulge in to me vertebral body. 
With excessive radial-tensile stress the end plate will fracture and the viscous nucleus will squirt through the crack into 
the vertebral body. 
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Fijui re 4.9 Fd I lo wio^ a more severe end- Figu re 4.1 fl hi jdd h ion u j pn d -\i I rite fracl uf es r oth er I n j u ri fjs 

plate fracture, a portion or the nudeus has to I he end plate under compressive load include fa) "piss,"'" 

squirted through inco the vertebral body wh I ch occu r as Ira beculai tone fraclu^ in ^rnal I areas under 

i shown at the rip of the scalpel and ihe tr>e end plate, These go on to form Schmorl's nodes, (h) A 

arrow). This is a porcine specimen. Schmorft nude ts shown at the tip of tlw? arrow. 



Atii|ih*cl fairitW I 1. Kirfcildy- Willi* and C".V. Hwlnn, 71, M.rnii#mgfowS?aclfy.rin m 
Jrd uL Cu|tyrl|»hl 1'J6J P Vt \\\\ pernilt6#on from tlseviw. 

End-Flate Fractures 

In my experience, end-plate fracture wish the loss of nuclear fluids through the crack into the vertebral body 
(often forming Schmorl's nodes) is a v&f common compressive injury and perhaps the most mhdiagnused. Loss 
si'.the nucleus results in a flattened interdiscal space that when seen on planar X-rays is usually diagnosed 
as a herniated disc or ''degenerated disc," However, the annulus of the disc remains intact. It's simply a case 
ot The nucleus squirting through the end-plate crack into the cancellous core of the vertebra, True disc hernia- 
tion requires very special mechanicaf conditions that will he described shortly, When compressing spines in 
[he lab, we hear an audible "pop* at l he mstant of end-plate fracture — exaclly what patients report when they 
describe details of the event that resulted in their pai n. ! also strongly suspect that some fractures are somewhat 
benign in th H it no immediate sew&ne pafrt occurs. Others, however, may tie instantaneously acute; it depends 
on the biomechanics I changes that accompany the fracture. If there is substantial loss or the nucleus from the 
disc (i.e., it is vertically herniated), then immediate loss of disc height and subsequent compromise of nerve 
km sp^ce will result. At this point the end-plate fracture will mimic the symptoms (if true herniation — another 
reason for the common misdiagnosis. 



Posterior Elements of the Vertebrae 

The posterior elements of the vertebrae (pedicles laminae, spinous processes and facet joints) 
have a shell of cortical bone but contain a cancellous bony core in the thick section*. The trans- 
verse processes project laterally together with a superior and an inferior pair of facet joints (see 
ligrcrt -J.J). On the lateral surface of rhe hnne tha* romis rbt: superior facet* ;tre the accessory 
and mamillary processes that^ together with the transverse prc*ecss 1 are major attach meni site* 
of the lungis&imus and iliocos talis extensot muscle groups (described later). The facet joints are 
typical synovial joints iu chat the arti cub ting surfaces are- covered with hyaline cartilage and are 
contained within a capsule. Fibmadipose enlargements, or meniscoids, are found around the 
ritn of the facet, although mostly at the proximal and distal edges (Bogduk and Eitgd, 1984), 
which have been implicated as £ possible structure that could "hind** and bck rhe facet joint 
(see figure 4. L 1, a-b). 

The neural arch iu general (pedicles and laminae) appears to be .somewhat flexible. In fact, 
Redzi mk\ { 1 991 ) de rnonstra ted tl i hi li ty o f t he pars i nterani cu la ri s d u ring flesaon-eAtensioii of 
cadaveric spines^ while Dickey and colleagues (1 W6) documented up tri three-degree changes of 
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The Posterior Elements of the Vertebrae Are Flexible 

In "Understanding Vertebral Mechanics" on page 38, I recommended obtaining a vertebra from tlhe bufcher. 
Grasp the vertebral body in one hand and the whole neural arch in the other. Bend the arch up and down and 
link 1 (ho flexibility. This flexure I displrK^mnir em. curs in vat h *.y< Ic of lull spine flyKion-oxtensiun common in 
events such as women's gym nasties (figure 4 . 1 2 U If Shis cycling continues, the siress reversals will eventually 
cause a fatigue crack in the pars. Further repetition will cause she crack to propagate through she full width of 
the pars, eventually resulting in fracture — and in vivo r [be condition of spondylolisthesis. 



Spinous process 




Interior 
.articular 

Proximal 
edge 



Superior 
articular, 
process 

Cancellous 
bony core 



Fibroadipose 
meniscoids 



Lateral 
side 




b 



Transverse 
process 



Inferior 
articular 
process 



Cancellous 
bony core 



Medial 

side 



Intervertebral 
foramen 



Figure 4,11 fa) Lateral view of rhc inferior articular 
process revealing the lo cd, the fi broad ipos-n mprtiscoids, 
and the adipose tissue pad, which have been implicated 
in joint binding, (h) Cross sea ion of the posterior view of 
the facet joint; showing the positions of the fibroadipose 
meniscoids and the adipose tissue pads in the joint 

Ri^jrinind, hy |yrmiNsinn. iVtoti R. ll?4inlkr. IClfl^.. KlfifflSCi .rn.iirt/Tu;. 2i*d 
(Champa^, IL: Human Kjineuesj, 127. 



the righr pedicle with respect to the left pedicle 
during quite mild daily activities usin^ pedicle 
screws in vivo. Failure of these elements together 
with facer damage, leading to spondylolisthesis, is 
sometimes Named exclusively on anterior-poste- 
rior shear forces. However, a ease could be made 
from epidemiological evidence in athletes such as 
tjyn masts and Australian cricket howlers (Hard- 
casde, Annear p arid Foster, 1992) that the damage 
fo these posterior elements may also he associated 
with full range or motion. In fact the faster the 
bowler, the higher tile risk of fatigue fracture 
(Ranauai ec aL* The cyclic full spine flexion 
and extension in these sorts of activities fatigue 
the arch with repeated stress reversals. 

On the other hand, there is no doubt that 
excessive shear forces cause injury to these pos- 
terior vertebral elements Posterior shear of the 
superior vertebrae tun lead to ligamentous damage 
bur also failure in the vertebra itself, as the end 
plate often avulses from the rust of" the vertebral 
body (Ymgling and McGill, 199%) (see figure 
4.I.1;. I!i jili uur hill ub-^R aiii.1 il.-ii.-.is'-ii. ir : < 

with intcrhatioiial colleagues have reinforced our 
suspicion that this type of failure may be more 
common in the adolescent and geriatric spine 
than in the young and middle-aged adult spine. 
Further work is needed for confirmation. 

Cripton and colleagues (19^5} documented 
that anterior shear of the superior vertebra causes 
pars and facet fracture leading to spondylolisthesis 
with a typical tolerance of* an adult lumbar spine 
of approximately 2CMH) Although similar injury 
mechanisms and tolerance values were observed 
jn young porcine spine specimens (Yingling 
and AIl-HiIL 1 999a, 1999b), the type of in] ury 



appeared to be modulated by loading rate; Spedfi- 
ctPj5 anterior shear forces produced undeRnable soft tissue injury at low load rates £KM) N/s), 
but fractures of the pars, facet face, and vertebral body were observed at higher load rates. ( 70(H) 
N/s}. Posterior shear Forces applied .it low Injtl rates produced undcfinablc soft tissue failure 
mid vcru-hral hud} fracture, while tho^: force* us bijiiL 1 d rates produced wedge fractures 
.and facet damape. 

IVliilc shear tol era nee of the vertebra] motion unit appears to be in the range of2000to28DQ 
for one-time loading, Norman and colleagues {I W8) noticed an increase in reported back pain 
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Figure 4*12 Kepefcitive gymnastics moves such as this cau&e stress-strain Figure 4.13 Shear injuries tnclude 
reversals in the pars. In sufficient numbers they will result in fatigue frac- fracture of the facet base and, on 

ture — leading to spondylolisthesis, occasion, end- plate avuision from the 

vertebrae, 



Neural Arch Fracture 

Spondylolisthesis and neural ajsch defects are Endemic among female gymnast and cricket bowlers, to name 
a few,. Patients with spondylolisthesis generally do not do well with therapeuf it: exercise that take?, the spine 
through the range of motion; rather, stabilily should be the rehabilitation objective. Kanawat and colleagues 
(2003) have made a strong tAse fehf conservative approaches which were successful even with cricket bow r ters, 
as only a few needful follow- up surgical intervention. I have been involved in litigation cases in which cleat 
spondylolisthesis existed but was alleged to be related to a specific event (for example, a recently occurring 
<iuromobile accident}. In surgery, however, there was evidence of substantial osteogenic act ivity r suggesting that 
the injury wan quite old. In foci, (hese patients (former gymnasts) must have had this damage while competing 
but were so lil uincl l heir spines were so stable that they were able to remain in competition. Following retire- 
ment, having children, and losing fitness a rather minor event became The instigator of Their symptoms. 



in vivo in jobs that exposed workers to repetitive shear loads greater than 5f>C) f\\ We consider 
these the best guideline currently available. 

A final note is relevant for repeated and prolonged extension postures and motions associ- 
ated with the AlcKenzie approach discussed later hi thi-s IhjoL Some individuals hai r e ''kissing 
sptueh' 1 in which adjacent posterior spines collide in full extension at one level. The involved 
level is usually due to a simple case of anatomic variation. These may become more frequent in 
people with disc height loss where the posterior spine becomes more approximated, Jim Taylor 
(Twomey and Taylor; 1°87) has noted destructive changes in the interspinous ligaments as they 
are rqK-au-dh a us In- d ai du- kiting 1 spirit; Iv.wl. 1 k described thechanges mhe uWdopmcntof a 
"fihnxiarn'lagint sus covering on the coll idtng 1 wine and a hursa-like cavity surrounded by fa f li ned with 
a syn< ivi.il -\ iur ini-anc.' 1 ' I I icvc is 1 u 1 xy.i-'^iu >n rcjjjrdinij r 1 n_- lI I~l .u.y ■ il \ \m: \ IcKch/k- ettensv m n Hrtinch 
tor some acute discogejiic back patients, I am cautious about having people routinely engage in 
these postures Following recovery from the acute episode — the spine may pay a price, 
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NucteuS 
j'pulposus 




\Annulus 
fitro-sus 



Figure 4.1 4 Cross section of the intervertebral disc. 

Krjirjjirrd, hy ptTmijw'H-ip, rmn* W £"■ Wtis|in£and K-F. Zernirk**, I 99ft, 
HriMtfC in rlfcs. rrf t\Ati£Ctlfoik&feUii fAy'tirf ^CJurtipjijirr, It: IIuiWiii 
Kinakii, 241. 

in crass section resemble a rounded irk 
region, suggesting anisotropic facilitati 



Intervertebral Disc 

The intervertebral disc has three major components: 
the mi den* pulposus* an mi hut fihrosus, and end 
plates. The nucleus has a pel-like character with col- 
lagen fibrils suspended in a base of water and various 
m ueopolysaccha rides giving it both \iseosity and some 
elastic response when fiercuibed in vitro. At the risk 
of sounding crude, the best way to describe a healthy 
nucleus is that it loots and feels like heavy phlegm. 
During in vitro testing we have had it squirt out under 
pressure and literally stick to the wall. While there is 
no distinct border between the nucleus and the annu- 
lus, the lamellae of die annul us. become more distinct, 
moving radially outward. The collagen fibers of each 
lamina are obliquely oriented (the obliquity runs in 
the f opposite direction in each concentric lamella). The 
cuds of the collagen fibers anchor into the vertebral 
body with Sharpey's fibers m the outerrnosi lamellae, 
while the inner fibers attach to the end plate (the end 
]jlate was discussed in a previous section). The discs 
igle in the thoracic region and ait ellipse in die lumbar 
nn of twisting and bending (see figure 4+1 4), 



Load-Bearing Abilities 

The disc behaves as a hydrostatic structure that allows sis degrees of morion between vertebrae. 
Its ability to l>caT toad, however, depends on its shape and geometry. Due to the orientation of the 
collagen fibers within the concen trie rings ofihe stimulus, with one-half of die fibers oblique to 
the other half, the annul us is able to Tesist loads when the disc i-s twisted. However, only half of 
the filters are able to support this mode of loading, while the other half become disabled h result- 
ing in a substantial loss of strength or ability to bear load. The annulus and the nucleus work 
together to support compressive load when the disc is subjected to bending and compression. 
Under spine compression the nucleus pressurizes, applying hydraulic forces to the end plates 
vertically and to the inner annulus laterally. This causes the annulus collagen fibers to bulge 
outward and become tenseii Years sgo, Markolr'and Morris f L 9 741 elegantly d^monsTrarL L d chai 
a disc with the nucleus removed lost height but preserved much of its properties of axial stiffness, 
creep, and relaxation rates. The fact that the nucleus appears necessary to preserve disc height 
has implications for facet loading, fihear stiffness, and ligament mechanics, 

It is noteworthy that disc damage is most often accompanied by subdiseal fx>ne damage 
(Gunning, Callaghan, and McGill 2001). In. fact, Keller and colleagues 0:9.93} noted the 
interdependence of hone stains and disc health. Recent evidence also suggests that excessive 
compression can lead to altered cell metabolism within the nucleus, and increased rates of cell 
death (apoptosis) (Lotz and Chin, 2000). Thus, the evidence sugjjests that compressive loading 
involving lower compressive bads stimulates healthy 'bone (noted as a correlate of disc health) 
but that excessive loading leads to tissue breakdown. 



Progressive Disc Injury 

Consideration of progressive disc injury- is in order here. A normal disc under compression 
deforms mainly the end plates vertically together with lesser outward bulging of the annu- 
lus (Brinckmann, Biggernann, and Hilweg, However* if little hydrostatic pressure 
is present, as in tiie ease in which the nucleus- has been lost through end-plate fracture or 
herniation, the outer annulus bulges outward and the in tier annulus bulges inward during 
disc compression (see figure 4.15, a-b). This double convex bulging causes the laminae of 
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Figure 4,15 fa) In a healthy joint with a contained nucleus there is minimal annulus deformation under compressive 
load, tb) Jf the nucteus loses pressure due to an end-plate fracture, for example], the annulus compresses,, causing radiaf 
bulging bo(h outward and inward farrows) and producing dela ruinating stresses as the annulus layers are pulled apart. 

the annulus to separate, or dc laminate, and has heen 
hypothesised as a pathway for nuclear material tu leak 
through the. lamellae Layers and finally extrude, creating 
a frank herniated disc (Adams and D-ulan, 1995). 

AnoEher interesting proposal has been recently put 
forth by Fro-fosor Adams (personal communication), He 
has suggested that a health)' disc builds interval pressures 
under compressive loads tltat are hli hit^h tfiat ml* nerve or 
vascular vessel could survive, Following initial end-ptate 
damage the disc can no longer build sulistunriul pressure 
such that nerves and blood vessels arc able 1do invade the 
disc, These are more possibilities m explain the increased 
vascularization of "degenc rated' 1 discs anil rheir ability to 
generate juaiil. 

EhoW 8 tmkw of the literature one tan make four 
general conclusions about annulus injury and the result- 
ing bulging ur herniation: 

* It would appear that the disc must be bent to the full end range of motion in order io 
herniate (Adams and Hutton. t?82) + 

* Disc herniation is associated not only with extreme deviated posture, either hilly flexed 
or bent, but also nvkh repeated loading in the neighborhood of thousands of cimes* high- 
lighting the role of fatigue as a mechanism of injury (Cordon er al .„ 1991- Kang 1 1995), 

* Epidemiology I data link herniation with sedentary occupations arid the sitting posture 
(Videman, Nurmin&n, and Troup, I WU). In &ct ? WSifcr and colleagues (1988) docu- 
mented annular tears in younErea If spines from prolonged simulated sitting postures ami 
eyelie compressive loading (e.c, simulated truck driving). 

* Herniations rend to occur in younger spines (Adams and Hutton, 1 9S5), meaning those 
with higher water content (Adams and Ahiir, J 976) and more hydraulic behavior. Older 
spines do not appear to exhibit elassie extrusion of nuclear material but rather are char- 
acterized by detain i nation of the annulus layer and radial cracks diat appear to progress 
with repeated loading (a nice review is provided by Goel, Monroe t et al lh 1995). 

A cou pie of years ago we sought the most potent mechanism leading to disc hernuumn. ( ii ven 
that it was critieal to create a homogeneous cohort of specimens, we chose a pig spine model, 



A Note on Twisting 

While vve h;ive not performer I ;i lot of 
research on the effect of twi sling on the 
discs, ft appears rhat repeated twFsting 
causes the annulus to slowly detaminate. 
This is evidenced by the tracking of the 
nucleus into the annulus in all directions. 
Whrfe we- da oof yet know the refatfoft' 
shipijetween number of cycles and loads, 
we do know that added torsion reduces 
the compressive strength of the joint [ Au It- 
man et ah 2004), 
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Figure 4.16 Rdiabi I i ration devices such 
as i his a( tempi no isolate lumbar motion 
by extending againsl a resistance pad bui 
create simultaneous lumbar compression. 
V\fe found that replicating I he full range 
of motion from full flexion to neutral and 
using the compressive loads of these devices 
were powerful combinations to produce 
disc herniation. 



controlling diet, pliysieaJ activity, genetic makeup, disc degen- 
eration, and so forth. VVe fimind that repeated flexion morion 
under simultaneous compressive loading was the easiest way 
to ensure herniation. In fact, it turned out that die numbers of 
cycles of flexion motion were more important than [he flcmsd 
magnitude of compressive load. While no herniations were 
produced with 260 N of compressive load and up to 85,000 
flexion cycles, herniations were produced with 867 N of load 
and 22,000 to 2H,0M) cycles, and with 1472 N and only 5000 to 
°500 cycles (CalJaghan and McGill, 1(H) I ), Clearly, herniation s 
are a function of repeated Ail I- flexion motion cycles with only 
a modest level of accompanying compressive load, in faet„ we 
m i] nicked the lumbar motion and loading of a typical spine 
rehabilitation ma chine where the seated patient belts down the 
pelvis to isolate the lumbar spine and then extends the torso 
repetitively against a resistance over the mid back. (Am a singly, 
some people are [rained on this type of machine, even those 
with known disc herniations!) (See figure 4.1 6.) The tune series 
radiographs (see figure 4.17) demonstrated the profession of 
the nuclear material tracking through the an nubs with suc- 
cessive motion lyHqs. "I hr Ju-mhu ed disc apjiears to result 



from cumulative trauma: Even though we have crushed well 
over 4(H) vertebral motion segments, we have only once or twice -observed a hernia Lion without 
eoneoniitani flexion cycles. Note that we are including both hank hernial ion and visible disc 
bulges (sec figure 4.IW) under this category of injury mechanism, 

Our most recent work on disc herniation uncovered the dependency of the location of the 
hum iaiing bulge an the axis of motion (Atlnrmn v.t |tj 200^). Kor example, in 2i) motion seg- 
ments, we flexed them repeatedly about an axis that was 30^ rotated from the pure flexion axis 
(mostly flexion with soffit lateral: bend). One specimen simply foiled abruptly and was removed. 





Figure 4.17 Serb I radiographs showing the initial containment of the 
radiocontrast inlhe nucleus and, with repeated full-ftexion motion (with 
about N of compression), the progressive poslerior tracking of the 
contrast until frank herniation, 

Kepriflted \t<m Lbiuta} Bto/tw/chMia* ltn.ll. CiH^hm* iinct &M iVUzCJ il I. "IflMtfvenebrjJ disc 
hzmiaiion; Sludges on n porcine 1 mocM exposed to highly reptfitiuo Ne*enrve5<1eii5.kin motion wlch 
iom?, - 28-37, 2001 ■ wilh ppnnission fusm Ftwier Sciowre. 



Figure 4.1 U Repeated flexi on ca n result in 
a frank herniation or a bulge,, shown here 
in a specimen with the famina removed 
to expose the posterior disc, which can 
impinge on nerves causing symptoms. Note 
l liar the nucleus was injected wiih a dye so 
I ha I the bulge is more visible iarrowj. 
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rfl^ance^ Mechanisms of Annul us Failure (Herniation) 



Damage to the annulus of the disc (herniation) appears to he associated with fully flexing the spine 
for a repealed or prolonged period of time. In fact, herniation of the disc seems almost impossible 
without full flexion, This has implications for exercise prescription particularly for flexion ^retch- 
ing and sit'Upa or for activities such as prolonged sitting, all of which are characterized by a flexed 
spine. Some resistance exercise machines thai lake the spine to full flexion repealed I y must be re- 
considered for those interred in sparing the posterior annulus portions of their discs. Furthermore, 
the mechanism by %vhich the process can he interrupted appears to l>e postural dependent, provid- 
ing some more insight into the mechanism of the Mckenzie approach. 



lathe remaining l l K the herniation track was away 
from the axis of rotation (see figure 

We have ahn heen able to add more insight 
into the MeKenzie therapy approach* which is 
based on extended postures, The theory Is that 
an extended posture drive* rbe nucleus forward 
within the disc. We have found that the hernia- 
tion process begins From failure in the innermost 
annulus rings and progresses radially outward, 
The layers of the annulus tie laminate and till with 
nucleus material. We now have proof that the 
extended posture can drive the nucleus material 
that is in the del animated pockets of the posterior 
nucleus hack toward the central part of the disc 
(Scannell and McGiU, 2005). 

Also worth noting - here is the intriguing 
hypothesis of fiogduk and Twomey, who have sug- 
gested the posSihility of an annular "sprain" simi- 
lar to a sprain of the anide ligaments (Bopduk and 
Twomev, 1991). They hypothesized that the outer 
layers of the annulus experience excessive strain 
untier torsion. Given that these authors have presented evidence tor rhe presence of nerve fibers 
particularly in this region, the annulus appears to he a good candidate for a source of pain. 

Muscles 

Traditional anatomical descriptions of the spine musculature have taken a posterior vantage point. 
This has hindered insight into rhe role of these muscle* since many of the functionally relevant 
aspects, are better viewed in the sagittal plane. (For a nice synopsis of the sagittal plane lines of 



CLINICAL > 
KtLlVANCfc j 


^ Clinical Relevance: Location of Disc Bulge and Designing Exercise 




A posterior-lateral disc bulge is usually caused by repeated flexion of the disc about an axis cut- 
ting across the disc perpendicular to the herniating track. This is powerful knowledge for exercise 
intervention, since further motion about this axis would exacerbate the herniation. We are currently 
investigating whether extending alxiut the same a-xis will reduce the tracking. Further,, this knowledge 
gives clues for better prevention. Look for a dominant motion pattern in a patient's daily routine 
consistent with the bulge location and eliminate it, If the causative motion pattern is an dement of 
an athletic: evene in which the patient competes, major de< is ions will need to be made. More motion 
will only ensure the inevitable — can the technique be changed lo eliminate the causative motion? 




Figure 4.1 9 Tilting the flexion axis JO" away from pure 
flexion caused the nucleus lo track in a diieciion away 
from the axis (Aultman el a I., 200.5). This motion depen- 
dence lias powerful polontEal lor the design of exercise 
in those- with known poslerioi-laloial disi hollos. 
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action. see Bocjdut, 1980- Macintosh and Bogduk, 1W7.) Furthermore,, many have developed 
dieir under-standing of muscle function by simply interpr eting die lints of notion and region of 
attachment,, running' thaT rhe muscle scl as. srnuLrhr-linc: rabies, '["his may be ami shading. 

Understanding the function and purpose of each musele re q u ires two perspecrires. Kirst, 
know ledge of static muscle morphology is essential, though it may change over a range of 
jnotion. Second, knowledge of activation-time, histories of the musculature must be obtained 
over a wide variety of movement and hradinu; tasks. Muscles create force* but these forces play 
roles in moment production for movement and in stabilizing joints for safety and performance. 
Further understanding of the motor control system strategies chosen Id support eternal loads 
and ma in rain stability requires the i nte rprc ra ri on o t ana rc m\y. mechanics, anil activation profiles. 
This section will enhance die discussion of anatomically based issues of the spine musculature 
and will blend die lesults of various electromyographic (KMG) studies to help interpret function 
and the functional aspects of motor control. 

Muscle Size 

The physiologic cross-sectional area (PCSA) of muscle determines the force-producing potential, 
while the line of action and moment arm determine the effect of the force in moment produc- 
tion, stabilization, and so forth. It is erroneous to estimate muscle force based on muscle volume 
without accounting For fiber architecture or by taking transverse scans to measure anatomical 
cross-sectional areas (McGill, Parr, and Norman, I9HH). Using areas directly obtained from 
computed tinnmpraphy (CT} or magnetic resonance imaging (MRI) slices has led to errone- 
ous force estimates and interpretations of spine function. In such cases, since a lar^c number 
of muscle fibers are not seen in a single transverse scan of a pennated muscle^ muscle forces 
are underestimated. Thus, areas obtained from jVIRI or CTT scans must be corrected for fiber 
architecture and scan plane obliquity (McCiill,. SaUEairutda, and Stevens, 1 WJj, 

I n figure 4,20 , transverse scans of one 
subject show the changing shape of the 
torso muscles over the thoracolumbar 
region* highlighting the need to combine 
transverse scan data with data document- 
ing fiber architecture obtained from 
dissection. In this example, the thoracic 
extensors (longissimus thoracis and ilio- 
eostalis lumborum) seen at 79 provide 
an extensor moment at L4 T even though 
they are not seen in the L4 scan. Only 
their tendons overlie the L4 extensors, A 
sagittal plane schematic shows the errors 
in measuring muscle cross-sectional area 
from a single transverse sfiee — which 
has caused some to underestimate the 
potential o f the muscle. 

Raw muscle PCS As and moment aims 
(Met jilt, Stintaguida* and Stevens, 1W3) 
are provided in appends A J, Areas cor- 
rected n" i jblique lines or action are shown 
in table 4,1 for some selected muscles at 
several teuels of the thoracolumbar spine, 
tiuidelmus for ■L'Sfhuaii ng true physi- 
ological areas are provided in Met Si II and 
colleagues (1 ■WS), Other recent sources of 
raw muscle geometry obtained from MRI 
for both males ant! females are found in 
M arras and colleagues (2001). 




Figure 4™ 2(1 Transverse scans of one subject isupmef at ihe levels 
of T9, LI j L4, and 51, showing the musculature in cross section. 
Note that many muscles seen at more superior levels pass tendons 
over the -lower levels transmitting force. This illustrates the error in 
simply using a single scan to estimate muscle force and moment 
potential. 

tttfxlnttxl P>om Clmlm I BiomeclufiiLb, 8, S.M. McCifcll, L Sanuflulda, ancf j. SmtiUt 
Afatwre of ihe \fur\k mutculdiufe from T6 to IS using MRf scans - fj young mj/es 
f fwrrtrrf frv T7W*dr ftbpr rvJfn^JKin, 171, 1913. with |irrfnissinin iram Eli^MT 
StliftWfr. 
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Table 4.1 Corrected Muscle Crass-Sectional Areas 

A few e^rnptes of corrected cross-seclicirbal areas, antserioi/poslefior moment arms, and lateral moment 
arms perpendicular to the muscle fiber I me of action using me cosines listed in McGilE, Rati, and Nomian 
l I98SJ. These arc the values that should be used in blomechanical models rather than the uncorrected 
values f.ibrairrpd direccly I'mm Hc-m nlici^. 



Muscle* 




Cmss-sectiorial area 


Moment arms 
(ant/post) (mm) 


Moment arms 
(lateral) fmm) 


Longissirnus pairs 
lumhorum 


U-L4 


644 


51 


17 


Quadratus lumborum 


L1-L2 




31 


43 




L2-L3 


507 


32 


55 




L3-L4 




29 


59 




14-15 


32a 


|& 




External oblique 


L3^L4 


1121 


17 


no 


Internal obh'que 


L3-L4 


1 354 


20 


69 



■IT* 1 Limine- rvi lnn|riv-iniin pir*. lumlwuuTri ,nt flw | J-JS lrrw-1 wehiM kive- Iwfn lish-d hrrr liy usrUif-rtflhf ir ermine^ hul wrrr rxsl.. .si- 

ihey could noc Ins dislin^ul^he<Eon .all scan slste*. 



Moment arms of the abdominal musculature are. generally obtained from CT- or MftI -based 
studies. Generally, subjects lit supine or prone within the MRIor C!T scanner, and the distance 
from their spine to the muscle cent raid is measured. Lying on dieir backs in this posture erases 
r ht: abdqmijta] Content? to collapse posteriorly under gravity (McGi 1 1, Juke r, and Axler, 1996), 
In real life and during standing;, the abdominal muscles are pushed away from the spine by 
the visceral contents. Recently, research \\w shown that CT ur MRl studies of the abdominal 
muscli- minim-nt uln.iim'd Irani subject in liii- ±\\\\i\'n- puiiiirL' iniik a ^[iin:=u d * i \.-. 

values bv 30%, 

In summary, understanding the force and mechanical potential of muscles requires sm 
appreciation for the curving line of action, which is best obtained in the anatomy lab. Hut;, 
unfortunately these specimens are usually atrophied , eliminating the in as a source for muscle 
size estimates. Muscle areas obtained From various medical imaging techniques need to hecor- 
■i iiL'd Vi /ir:irii:n lui lllnfi" :l i'l "h 3 [ei-'O .Hlcl o >■: I r l I k- n n ii| n H n mmh;ii ilunm .r;j|n:,n in [In; 
partieuiar scan level (for example., only the tendon passes the level). Further, moment arms for 
nmsclc lines of action from subjects who are lying down need tu be adjusted for application tt> 
upriglu pn?iiures maintained in real life. 

Muscle Groups 

This section describes specific muscle groups from a functional perspective and introduces 
some issues hind amenta I lor understanding injury avoidance and the choice of appropriate 
rehabilitation approach. 

Rota tores and Intertransversarii 

Many anatomical textbooks describe the function of the small rotator muscles of the spine, 
which attach to adjacent vertebrae, as creating a vial rwisting torque, This is consistent with 
their nomenclature {rota tores). Similarly the intertrans versa rii are often assigned the role 
of lateral flexion. These proposals have several problems. First* these small muscles (ice 
figure 4.21) have such small l a CSAs that they can generate only a few newtons of force, 
and second, they work through such a small moment arm that their total contribution to 
rotational axial twisting and bending torque is minimal. For these reasons, I believe they 
serve Another function r 
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Levator Levator 

costs rum Jong i c&starum brevi Rotalores 




Figure 4.21 Short muscles of she spine: levalor costarum longa, levator coslarum brov i r inter- 
1 rans verso media I rs r intertransverse laleralis, rota tores,, and interspinal is. They have been described 
erroneously as cfeaiing axial twisting Torque. 

The rata tores and intc reran sversarii muscles are highly rich in muscle spsndks, approximately 
4,5 to 73 times righ^r than the multtiidus (Nicz and Peck* 3 VHri), This evidence suggests- that they 
may function as length transducers or vertebral petition sensors at every thoracic anil lumtrar 
joint. In some EMti experiments we performed a number of years ago, we placed indwelling 
electrodes very close to the vertebrae. In one case we had a strong suspicion, rhar the electrode 
veils in 2 rotator muscle. The subject attempted to perform isometric: twisting efforts with the 
i |im-.c uriUh isiutl (rsr const mined in a neutral posture) in both dimrtiom but pnjduccd no PA1G 
activity from the rotator— only the usual activity' in the abdominal obliques and so on, However, 
when the subject tried to twist in one direction (with minimal muscular effort), there was no 
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relevance y Manual Therapy and the Function of the Rotatores and Intertransversarii 

We now suspect that the rotatores and mtertransvensarii are actually length transducers and thereby 
position! sensors, sensing the positioning c>i &£ch spinal motion unit. These structures itre likeiy 
affected during various types of manual therapy with the pint at end range of motion (a posture 
used in chiropractic technique, for example). 



svs|i(invL\ v, hih in ilu- . r.lu i dn vcri. .n [Ju-iv « ;^ ;ii \i\ This pnnk'idar n -1.11. .r SL-L-iviiid imi 

to be activated to create axial trwdstiny: torque but rather in response to twisted position change. 
Thus, its activity was elicited as a funcdon of twisted position — which was not consistent with 
die role of crating torque to twist the spine, This is stronger evidence thai these muscle* are 
not rotators, at all but function as position transducers in the spine proprioception system. 

Extensors: Longksimas^ Iliocostalis, and Mttltifidus Groups 

The major extensors of the thoracolumbar spine are the longissimus, iliocostal] 5 s J in I multifi- 
dus groups, Although the longissinius and iliocostal is groups are often separated in anatomy 
boots, it may be more enlightening in a functional context to recognize th-e thoracic portions 
of both of these muscles as one group and the lumbar portions as another jrroitp. The I urn bar 
and thoracic portions arc architecturally (Bogduk, 1^80) and Functionally different (MeCJill and 
Norman, 19tt7). Bogduk partitions the lumbar and thoracic portions of these muscles 

into longis-simus thoracis pars luinbortim and pars thoracis., and iliocostals luinborum pars 
Imnljorurn and pars thoracis. 

These two functional groups (pars lurnboruni, which attach to lumbar vertebrae, and pars 
thoracis^ which attach to thoracic vertebrae) form qnite a marvelous architecture for several 
reasons and arc discussed in. a functional contest with this distinction (i.e. 5 pars liimhoruni vs. 
pars, thoracis). Fiber typing smdk-s note differences between the lumbar and chomcic sections; 
The thoracic sections contain approximately 75% slow -twitch fibers^ while lumbar sections are 
generally evenly mixed (Sirca and Kostcvc, 1985). The pars thoracis components of these two 
muscles attach to the ribs and vertebra! components and have relatively shore contractile fibers 
with long tendons that run parallel to the spine to their origins on the posterior surface of the 
sacrum and medial border of the. iliac crests (sec figure 4.22). Furthermore, their line of action 
over the lower thoracic and lumbar region is just underneath the fascia, such tkn iniM.es in these 
muscles have the greatest possible moment arm and therefore produce the greatest amount 
of extensor moment with a minimum of 
compressive penalty to the spine (see figure 
4.? 3). When, seen on a transverse xMRi or 
CT scan at a lumbar level* pars thoracis 
tendons have die greatest extensor moment 
arm 1 r overlying jhe him bar hulk — often 
over 10 cm (4 in.) (McGill ? Patt, and 
Norman, 1988^ McGill, Santaguida, and 
Stevens, 1993) (see figure 4,24), 

The lumbar components of these mus- 
cles {iliocostals luudjoruEii pars lumljorum 
and lorigissimus thoracis pars lumhorum) 
are very different anaiomieally and func- 
tionally from their thoracic namesakes. 
They connect to the mamillary, accessory, 
and transverse proc esses of the lumbar 
vertebrae and orijpnatc, once affain t over 
the posterior sacrum and medial aspect of 
the itiac crest. Iiach vertebra is connected 
bilaterally with separate laminae of these 




Figure 4/12 An isolated bundle of bn^issimus thoracis pars 
thoracis 4 inserting on the ribs aE Jh), with lendons lifted by probes r 
course over l he fu IE lumbar spine to l heir sacral origin. They have 
a very large extensor mome.ni arm tjusl underneath I he skin J. 
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Figure 4+2 3 This world-class pow^rl iter esenipl if m the 
hypertrophi>d bulk 0? the iliocciiEaNs and lot^giiistmu^ 
muscles seen in trained liters. This muscle hulk is in the 
thoracic region, but the tendons span the entire lumber 
spine, 




Figuri? 4.24 (a* b) The moriien* ctrms of I he (jars lumborum 
portions of iliocostals and longissimus, fc J The targe mornenl 
arm of the pars thoracis iliocostal is and longissimus muscles 
gives them their ability to create major lumbar extensor 
moment, The. lines of ddim of fd) the pars Irnnborum |>ortion 
of longisslmus, feJ the pars lurnJ)orurri portion of ilioco$r.ili\ 
and tf) the pars thoracis portion of longissim us and iliocostal is 
join at their common pn>int ot origin at the sacral spine, (g} Tne 
mechanical fulcrum or the axis a hoot which muscles create 
moments is indicated by I he diamond shape. 



muscles (see figure. 4y'2 5), Their line of action is not parallel fo the compressive, axis of the spine 
but rather has a posterior and caudal direction diat causes than to generate posterior shear forces 

Ir.-illci WSlh O'l'lIVJ: IIKIllK'Hl Dll hU" MljV: MM \ C Y^hv. | C ( SCt fltJUC'C 4,2fi). "I lU'HC pi'MlM. -I h I K" il I 

forces support any anterior reaction shear forces of the upper vertebrae that are produced as 
the upper Ixjdy is flesed forward in a typical lifting posture. It is important to clarify that this 
flexion of the torso is accwnplished through hip rotation, not lumbar flexion. These muscles 
Irwe their oblique line of action and reorient to the com press ive avis of rhe spine with lumbar 
flexion (McGill, Hughson* ant] Parks, 2000) so that a Hexed spine is tmahle to resist damaging 
shear forces (see figure 4.27, a-d) t This possible injury mechanism, together with activation 
profiles during clinically relevant activities is addressed in a later section - 

The multi Indus muscles perform unite a different function from those of the longjssimus 
and iliocostal is groups; particularly in the lumbar region where they attach posterior spines of 
adjacent vertebrae or span two or three segments (see figure 4,2X1. Their line ot" action rends 
co be para! I el to the compressive axis or in some cases mns anteriorly and caudal in an ohlitjue 
dircctitJii/rheinajor mechanically relevant feature of the multifidii, however, is that since tliey 
span only a few joints, their forces .affect only local areas of die spine, Therefore, the multifidus 
muscles are involved in producing extensor torque (together with very small amounts of twist- 
ing and side-bending torque) but only provide the ability for corrections* or moment support, 
a i specific joints thai may be the foci of stress rs, Inier^ingly, the muluh"du\ muscles appear to 
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Figure 4.25 II rocosM lis lu mboru m pa ra lumtoorum 
arid longjssimus thoracis pats lumhorum original o 
over I he posterior surface of the sacrum, follow a 
wry superficial pathway, and then dive obliquely 
10 their vertebral atlach merits, This-ohlfque Orimta- 
Non create posterior shear tS> forces arid extensor 
moments or* each successive superior vertebra. The 

i om:-. csvi-., i "i ix inrht .ilr-d. 




Figure 4.26 The oblique ang)e of l he lumbar por- 
Uons of longissimus and iliocostal is is seen in vivo 
in this JvlRI picture. Their line of force i,F,' is shown 
relative io I he compressive arc is (Q, 





Figure 4/27 The oblique angle of the lumbar portions of the iliocostal is lumborum and longissirnus thoracis 
protects the spine against large anterior shear fortes. However, this ability is a function of spine curvature. t'a) 
A neutral spine and (bj ihe oblique angle of these muscles as viewed with an ultrasound imager, fd The loss 
of this angle with spine flexion (d) so that anterior shear forces cannot be counteracted. This ensures shear 
stability and is another reason to consider adopting a neutral spine during flexed weight-holding lasks. 
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Lamertae of multlfidus 



liiccosialis 



LongissEmua 



Figure Mulliftdus is actually a series of Laminae 

thaE can &pan one to three vertebral segments. Their lines 
of action do nol support anterior shear of l he superio* 
vertebrae but actually contribute to it. Examining iheir 
cross-secrional area reveals lhat ihe mult if id us is a rela- 
tively small lumbar extensor. 
Imd|»e courtesy of Primal Pictures. 

the musck of choice for *sfoppinjr" thoracic 
very important to enhance lorso extension 



have quite low muscle spuulle density — certainly 
less thun die iliocostalis or lotigissitnus muscles 
( Amnnoo-Kijofi t I T his may he thte to their 
more medial location and subsequent smaller 
length excursions (see table 4.2 for tnusde length 
changesi which were assessed using a number of 
extreme postures depicted in figure 5,1 on page 
74). An injury mechanism involving inappropri- 
ate neural activation signals 10 the multifidus i& 
proposed in chapter 5, using an example of injury 
ofes^rrfid in the laboratory. It is also worth noting 
here, given che recent emphasis on multifidpSi 
that some people have considered more lateral 
portions of die extensors to be mukifidus. This 
has presented some problems in both functional 
interpretation and rehabilitation. 

A Note on Latissinrus Dorsi 

LatiSSinius dorsi is involved in lumbar extensor 
moment generation and is often acting as a major 
stabilizer. Its origin at each lumbar spinous process 
via thu luinliMih^sal Fascia ami insertion on the 
humerus gives it a very large extensor moment 
arm(see figure 4.29). During pulling and lifting 
motion, the latEssinius is active {see chapter 5), 
which has implications for its role and how it is 
trained for functional motion patterns. It is often 
and high lumbar *' hinges 51 in painful backs and is also 
in high performance situations (McGilL 2006). 



belevance / Exercise for the Extensor Muscles of the Low Back 

Research has shown that the thoracic extensors (longissimus thoracis pars thoracis and 
iliocostal is lumbunjrn pars thoracis) that attach in the thoracic region art 1 : actually the most 
efficient lumbar extensor* since l hey have the largest moment arms as they course over 
the lumbar region. For this reason,, it is time to revisit the clinical practice of "isolating 
muscle groups/ in ttofB Casc the lumbar extensors for the lumbar spine. Specifically, what 
are repaired in as the lumbar extensors (located in the lumbar region) tonirihute only a 
portion of the total lumbar extensor moment. Training of the lumbar extensor mechanism 
must involve the extensors that attach to thc> thoracic vertebrae, whose bulk of contractile 
fibers lies in the thoracic region but whose tendons pass over the lumbar region and have 
the greatest mechanical advantage of aEI lumbar muscles. Thus, exercises to isolate the 
lumbar muscles cannot be Justified from an anatomical basis or from a motor control 
pkspexAiwfc in which alt "players in the orchestra" must be challenged during training, 
Another important clinical issue involves the anatomical features of the extensors. 
While the lumbar sections of the lonfjissimus and iliocostal is muscles thai attach so l he 
lumbar vertebrae create extensor torque, they also produce large posterior sfeeeir forces 
to support the shearing loads ihat develop during torso flexion postures, Some therapists 
unknowingly disable these shear force protectors by having patients fully flex iheir spfnes 
during exerciser creating myoelectric quiesc^fies in tht?$t* muse I us. or by recommenc- 
ing the pelvic it It during flexing activities such as lifting. Discussion nf ihis functional 
anatomy is critical for developing the strategies for injury prevention and rehabilitation 
described later in this book 
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Table 4.2 Muscle Lengths in Centimeters (Including Tendon Length) Obtained From 
the Upright Standing Position and From Various Extreme Postures 





Upright 

standing 


60* fk*icm 


25° lateral 
bonding 


1 0 twist 


Combined* 


R rectus abdominis 


mi 


l^.ff 1 


27.4 


3 an 


17.7 


L rectus abdominis 


30.1 


19. 8 h 


32. b 


30.5 


22 r 9 b 


R external oblique 1 


16.7 


14.4 




15.5 


13.3 


L external oblique 1 


16.7 


14.4 


im 


18.0 


19.2 


R external oblique 2 


is.e 


12.9 




15.6 


9,5 b 


L external oblique 2 


is.e 


12.9 




16,2 


18.2 


R internal oblique 1 


n,i 




9.1 


12.2 


7<& b 


L internal oblique 1 


iu 




14.1" 


10.0 


12.2 


R internal oblique 2 


10.3 


e.a 


7.6" 


11.2 


6-9 h 


L internal oblique 2 


10.3 


m 


y# 


9.5 


10.7 


R psoas lumborum iLlj 


15.1 


20. [f 


14.2 


15.4 


18.7 


L p&m lumborum (LI) 


15.1 


20,0 


16.S 


15.7 


20.7" 


R psoas lumborum {L2j 


12.5 


16.4 b 


1 1 .6 


12,9 


15-6" 


L psoas lumborum (L2) 


12.5 


1 bA b 


13.S 


13.0 


17.0" 


K psoas lumborum {L3) 


9.9 


U;# 


9.5 


10,0 


12.5" 


L psoas lumborum (L3) 


9.9 


t£# 


10,9 


9.8 


H.}" 


R psoas lumborum |L4) 


7.5 


9.4 b 


7.4 


7.6 


9,3 b 


L psoas lumborum (L4) 


7.5 


9.4" 


8.0 


7.4 


9.5* 


R iliocostal i& lumborum 


23.0 


29 7* 


18,9 


23,5 


26,4 


L iliocostal is lumborum 


23.0 




25,5 


22,8 


:n.a" 


R longissimus thoracis 


27.5 


33. 7 h 


25.4 


27,6 


31.1 


L fot>gissiniu& thoracis 


27.5 


13. 7 h 




27,4 


34.8" 


R quadralus lumborum 


14.6 


ia.2 h 


1 1 a 


14,4 


14-9 


L quadratic lumborum 


14.6 




17,4 


15,1 


20.9'> 


R lati ^imus dorsi itS) 


29.4 


32.1 


26.5 


29,8 


29.0 


L tatissimus.dors.i I.LS) 


2lM 


32.1 


313 


29.1 


34.6 


R mulsitidus T 


5.3 


7.3" 


5,2 


5,1 


7.1" 


L rnultifidus 1 


5.3 


7.3" 


5,4 


5.5 


7.5 h 


K fnulEifkJu^ 2 


1 


7.2" 


5.0 


5.1 


7.01" 


1. mullifidu& 2 


5,1 


7.2" 


52 


51 


7,2 


R psoas (Ll) 


29.2 


2S.6 


28.1 


29,0 


27.2 


L psoas i.L 1 / 


29.2 


28.6 


30.2 


29.5 


29.6 


R pHtas<L2) 


25.8 


253 


25J 


25.7 


24.4 


L psoas [12) 


25.6 


25.3 


25.1 


25.7 


24.4 


R psoas (L3J 


22,1 


21.8 


21,7 


22.0 


21.2 


L psoas SL3) 


22.1 


21.8 


22.5 


11.1 


22.3 


R psoas (.L4) 


18.7 


1S,6 


16,6 


18,7 


18,4 


L psoas (L4) 


18.7 


18.6 


18,9 


18.8 


18.9 



I In? urift* or fexiitfiie pe^uA th.rtJ ru jss&sh mu*cle lentfh change* i\ lllmtwErtl In figure- 5.1 un paj^ 74. 

'Combinarion!; of <iO'" flpsior*. 2 V ri^hr In**?™! bend, Ii>' counterclockwise iwisl. 

"Mliw U a lengths th.i\ diJl'rr by mrwr lh.»n 20"^. ffnni ihwiw nht.tjnrrl durinv i^ri^hl sl.inrli rv-g 

Keptirtbed, by ptmiisMfltl,. fiurrtS-W. WlGHI, 1 L J'JI. 'Kirn'liL |.M.HH'iiLi.il til'lhfc lumbar Uuhk iiiuftL uLtlure ibdUL llireuOiil^UiidiorthtigXiedit. axe* 111 **Lnimi'pc>iilHjii*.' 
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Abdominal Muscles 

in this section we will consider several important aspects 
of lumbar mechanics in which the abdominal muscles arc 
Involved. 

Abdominal Fascia 

The abdominal fascia contains the rectus abdominis and 
connects laterally to the aponeurosis of the three layers of 
the abdominal wall. Its functional significance is made more 
important by connections of the aponeurosis with pectorals* 
major, together with fascial element that cross the midline 
to transmit force to the fascia (and abdominal muscles) (in the 
opposite side of the abdomen (Porter field and DeRosa t 199$) 
(see figure 43Q 3 ti-t'} r Such anatomical features underpin and 
justify exercises (detailed later) that integrate movement pat- 
terns that Simultaneously challenge the abdominal muscles 
the spine, and the shoulder musculature. 

Rectus Abdominis 

I ' Wh\ te many el assic anatomy tests consi der the a hdomi na I wail 

to Ik; an important flexor of the trunk, the rectus abdominis 
appears to be the major trunk flexor — and the most active 
during sit-ups and curl -up* (jufcer, McGiU, and Kropf p E 
Muscle activation amplitudes obtained from Iwith intramuscu- 
lar and surface electrodes <. wcr a variety of tasJiS are shown in 
table 5,4 (pages 7S-79), It is interesting to consider why the 
rectus abdominis is partitioned intt j sections rather than being 
a single I omr muscle p given that the sections share a common 
nerve supply and thai a single long muscle would have the 
advantage of broadening the force— length relationship over a 
greater range of k'ni^nh change. Perhaps a single m usclc would 
bulk upon shortening, compressing the viscera, or he itjfl 
.iin I resistant to IvndiiiL-. onU does the sectioned r^Cttia 
alxlominis limit bulking upon shortening, but the sections 
also have a bead effect, which allows bending at each tendon 
to facilitate torso flexion uJttunsEnn ur didominal distension 
or contraction as the visceral contents change volume (M. Belangtr., University of Qucl>ec at 
Montreal [personal communication, J 996). 

Hie '"beaded" rectus also performs another role— the lateral transmission of forces 
from the oblique muscles forming: a continuous hoop around the abdomen { Porte rfield 
and DeRosa, 1998), The intermuscular tendons and fascia prevent the fibers of rectus from 
being ripped apart laterally from these hoop stresses. This aspect of abdominal mechanics 
is elucidated further in the next section, which discusses the forces developed in the oblique 
muscles. 

Another clinical issue is the controversy regarding upper and lower abdominal muscles. While 
[he obliques are regionally activated (ami have functional separation between upper and lower 
reruns), all sections of the rectus are activated together at similar levels during flexor torque 
generation, A significant functional separation does not appear to exist between upper and lower 
rectus (Lehman ant! MeGil^ 2001 ) in most people, Research reporting differences in the upper 
arid lower rectus activation sometimes suffers from the absence of nonrialization of the KMC 
signal during pressing, Rriefly, researchers have used raw amplitudes of myoelectric activity 
(in millivolts) to conclude that there is more, or less s activity relative to other sections of the 
muscle, bui ihu nuLinilLuk"* ,?. w .U 'ected by local conductivity characteristics. Thus, amplitudes 
must be normalised to a standardized contraction and expressed as a percentage of this- activity 




Lumbodorsal fascia Latissirnus dorsi 



Figure 4*29 Latistfrmis dorsi origl hates 
from each lumbar spinous process via 
(he fumbodorsal fascia and ItiSfetfe on the 
humerus to perform both lumbar extension 
and stabilisation Foles. 

fatngi rounrsy of PnrTvil Piaunc**. 
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Exte rnal abdominal 

Aponeurosis i>\ ax'ernal otof«|ue muscle 

abdofmi naF oblique Ajn Eera>r & recSus 




3 TiBnsversalis fascia 



Rectus shsslh 



External 
abdominal 



oblique muscle 



Aponeurotic pari 
ot external abdominal 
oblique muscle 




Pod oralis major 



— Rectus abdominis 



Internal oblique 



External oblique 



b 



Figure 4<30 The abcfominal fascia connects, the obliques of the abdominis I wall with fa J rectus 
abdominis and, lo a lesser extent, (h) pectoral is ma jut and help* to transrml hoop stresses aFQund 
thf> abdomen, 

fi>J Ajdauteii rrtarl CM. Matrix IIXKI, {Sudt mb/tlty, lUiurnuAifln, IL. Human Kinetics), So. 



BFEfVANCF / Upper and Lower Rectus 

Although we have seen separation in neural drive between upper and lower sections of rectus 
abdominis in a few Middle Eastern-style belly dancers (out of a larger cohort}, Lhese abilities and 
rrtcr^eS Lire rare in &^ty^y life (VVe made these observations only during very low-level contrac- 
i ions in which the muscles were moved in the absence of substantial flexfctfi torque or rciusde load.) 
In fact a dfetinct upper and tower rectus does not exist in most people. Once force is required, the 
FfeGtLlS appears to act bs a cat?fe with active tension a I any its entire length, Thus, framing the rectus 
tor nearly everyone can be accomplished with a single exercise. This is not true for the obliques, as 
they have several neural compartments — lateral medial upper, and lower. 
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Unnarmalized crunches 




f v 

Si 101 141 161 151 501 £21 243 261 561 301 3Z1 Hi 361 3fil 403 



=-p — i — r — i — i — i — i — i — r 

21 41 61 81 lOt 



Normalized crunches 




-i — i — i — i — i 'i ' i — i — r — i — i — i — i — i — i — i — ■ — r — i — i — i- 

121 141 1ST 181 201 221 £41 £81 3Q1 321 341 301 



? 4-11 (a J Stud ies that have reported a n upper and lower rectus aMomin is general I y eva I united unnorma I rzed 
j signals— for example, in the study of men performing cm miies. fb) However when the signals are normalized 
properly, the apparel difference disappears. V^iite (here are regional activation zones in the abdominal obliques. 

n<c\i: r, lilrlc rviilm- \- |r> -ul^ m ili.it .1 fur 11 rioiu! "N^pci -inr! h:\vc:" m-. l.-x .ibrhsiv . -i-K - -h ■ 

Nrprin|r<JfriimC<- MirrMn.iml S.M. .WGill, ]W, "n^inflLH7i>ir yf rhim^rwTk: riMnrpiUton^n juinlj.ir kii**™.Hi<s.in £ l FMfl Muring f,im|jlr -intS Mimplrst 

" !| a case study," tuwnal of PhystetofiiLa} Jhtuapeuiki, 22\Qy. S76-5A1 . G)pv*itft1 1 993, 



(rather than in millivolts) (see figure 4.3 1). Researchers may also hive inadvertently monitored 
pyramidalis (an optional muscle at the base of the rectus), which would cloud interpretation, 

Abdominal Wat! 

The three layers of the abdominal wall (external oblique, internal oblique, and transverse 
abdomuiis) perform several functions. All three are involved in flexion and appear to have their 
flexor potential enhanced because of their attachment to the MntM semilunaris (see H^urc 4.32) 
(McGilt, lWrt), which redirects the oblique muscle force* rtown the rectus sheath to effectively 
increase the flexor moment arm. The obliques are involved in torso twisting {Aief nil, iWla, 
1991b) and lateral bend (MeGill, 1 992) and appear to play a role In lumbar stabilization since 
they increase their activity^ to a small degree^ when the spine is placed under pure axial compres- 
sion (J u leer, MeCrill, and K.ropf> I99tt}. (This functional notion will Imj developed later in this 
chapter.) The obliques are also involved in challenged lung ventilation, assisting with "active 
expiration* (H&oke er al- n t#88ft The important functional implication of active expiration will 
be discussed in a subsequent section. 

Researchers have focused a lot of attention on tile transverse abdominis for two reasons. First, 
some believe it is involved in spine stability through its held ike containment of the abdomen 
and also in the generation of inm-ahdomuiaJ pressure (TAP). Richardson and colleagues (19W) 
ii ice ly summarized the second reason for the Incused attention on this muscle, suggesting that 
transversns his a delayed onset of activation time in some with back troubles, prior to a rapid 
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ann movement — the hypothesis being thai the trunk must ilnL be 
made stiff and stable. Jt appears rhar this ift evidence rhar an aber- 
rant motor pattern exists in rapid activity, Iflft cannot find evidence 
that this motor pattern happens bilaterally, implying that it lias 
little to do with stability, The question remains as to whether r his h 
important in more normally p;Lcei: I activities. Delayed onset confirms 
Enotor deficits, but a 10 to Ifl ms unset delay would be irrelevant 
during a normal movement in which these muscles are continually 
cc id infracted to ensure stability. Q intra ry to what is commonly heart] 
in exercise discussions, the evidence docs not suggest that transverse 
k not recruited. It is als*> interesting [hat, again contrary to popular 
thought* the trunsversus ami internal oblique are very similar in. their 
filler orientation. In our very limited intramuscular tlMG electrode 
work Qulctr, jvkGill, and Kn ipi', 1 9 £ JH) we saw a high degree of coupling 
hetween these two muscles in a wide variery of" nonhallisric exertions, 
(no doubt Munc myoelectric cross- talk existed). We have been unable 
to find people who can or cannot activate transverse. Nonetheless, 
several groups (Cresswell and colleagues, J 99^ and Hodges and 
Richardson! L^96, are rhe most experienced) have noted the extra 
activity of tran^ersus when 1AP is elevated, but also that ail of the 
abdominal muscles show this activity. The combination of transverse 
activation (and id most always concomitant oblique activity) with 
elevared IAP enhances stability, without question. In fact, CholewicU 
and colleagues (I^W) recently concluded that building IAP mi ii^ 
own adds spine stability. 

In die broader Functional perspective , the components of the 
abdominal in itsries {rectus, obliques, and rransversns) wort together 
but also independently. While a variety of sources have provided 
myoelectric evidence from a variety of tasks p in anatomical and 
functional interpretation is needed- As noted earlier, the obliques 
differentially activate to create twisting torque and can enhance 
flexion torque. Rectus is primarily a flexor — in fact, those people 
who have a great deal of motor control in the abdominal muscles can preferentially activate 
each muscle (see figure n-tl). Final ly* some have suggested an upper and lower partition- 
ing of the abdominal muscles. As previously mentioned, dlis impression is probably an artifact 
resulting from poor HMG technique; thene does not appear to be a functional upper and lower 
rectus (Lehman and McCrill, 21)01; Vera-Garcia, Grenier> and Alc( rith *?<KKJ} r On the other hand, 
regional differences do exist in the obliques: some sections can be preferentially recruited both 
medially and laterally together with upper and lower portions. Finally, the obliques, together 
with transverse abdominis^ form a containing hoop around the entire abdomen, with the anterior 
of the hoop coeti posed of the abdominal tascia. and the posterior Lximposed of the lumhodursal 
fascial. The resulting "hoop stresses 1 ' and stiffness assist with spine stability. 



Figure 4,3 2 The oblique m uscles ( EO: 
anterior portion of extefnal oblique? 
]Q: interior portion of internal oblique; 
T: iidnsvy^e abdominis) transmit forte 
along their fiber lengths and then redi- 
rect force along rectus abdominis via 
their attachment to the tinea semilu- 
naris to enhance their etfective flexor 
moment arm. 

Reprinted from foufrwt of Biomvuhanir.s, i9|7L 
S.M_ iSfefiill, "A rtvitpd Jn.iliirnk.il iikxH trf nV- 
aLJurliiihi I ihwc-uLiEUil' ft w luriti rlexlrm effort*," 
073-977, CopyrigSr 1S96, wiili perriNE*inii iram 
FJsevwr Science. 



CLINICAL 
RELEVANCE 



>- 



Abdominal Muscle Exercises 



The functional divisions of the abdominal musdes justify l he need for several exercise technique 
to challenge them in all of thetT roles: moment generation, spine stability, and heavy breathing. 
While the obliques art 1 regionally activated, with several neural eum].-kirtrnents there appears to be 
r*o functional separation of upper and lower rectus abdominis, Thus, a curb up exercise activates 
alf portions of the rectus abdominis. However, upper and lower portions of the oblique abdominal 
muscles, i^rc activated separately depending en the demands placed on the torso. Finally, detailed 
examination ot the fascial connections revtuls ft >rce transmission among I he shoulder musculature, 
the spine, and the abctominal muscles, justifying exercises incorporating larger movement patterns 
for the advanced patients who can bear the higher loads. 
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Ff pure 4.33 So me Trn i necf pcop ie h ave th e abi I Ely to differentia I ly uc t i vate spec if ic portions of the abdorn j nil I ni uscu Iatu re, 
This sequence shows fjJ an inactive abdominal wall, (hi rhe abdominal wall "ballooned/ and fcl contraction of transverse 
abdominis, which draws and "hollows" the wall {Note mat other muscles must relax lo do ihis, which compromises both stabil- 
ity and strength.!' (d) Placing the hands on I he thighs and pushing allows a (lexor moment lo develop where good muscular 
control ss able to activate fust the rectus alxlomtnis with the previously activated transverse and liltlc oblique activity. 



Psoas 

The psoas* a muscle, that crosses the spine arid: hip, k unique For many reasons. While it has been 
claimed to he a major stabilizer of ihe lumber spine, I believe that this claim needs interpreta- 
tion. Although the psoas complex attaches to Tl2 and to every ] urn liar vertebra on its course 
over the pel vie rintr (see 11 y ire m\ lis activation profile (sec juke r, Met? ill, and KropL I Wtf; 
Jufce^MctTtll, Kropf, and Steffeji, I99H- arid Andersson et aL, I WS, for indwelling BMGdata) 
is not consistent with that of a spine stabilizer (in the purest sense) but rather indicates that the 
role of the psoas is purely as a hip flexor. During our work to implant intramuscular electrodes 
in this muscle, we performed the insertion technique several times on ourselves. The first time 
the electrodes were in my own psoas* I tried several low hack exertions in an Attempt to activate 
it (fluxion, extension, side-bending, etc.). Nuiil- of these really caused the psoas to Fire, Simply 
raising the leg while standing with hip flexion, caused massive activation, clearly indicating that 
rhe psoas is a hip flexor. 
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Iliac Quadratus Psoas Transversa 
crest Immborum major processes 



Figure 4,34 The psoas attaches To each lumbar ver- 
tebra lateral vertebral body and transverse process] 
where each of these faminac tit psoas fuse and form a 
common tendon (hat courses ihrnugh the jliopectmeai 
notch 10 the femur. The quadratic lumbqrum attaches 
i\M h iran&verse process with the ribs and iliac crest, 
forming the guy wire support system. 

In Line ■: iiiHM^y nl ft i nut Pai lurrt. 



Psoas Function 

Myoelectric evidence and anatomical analysis 
surest that the psoas major acts primarily to 
create hip flexion torque, ihat its activation is 
minimally finked lo spine demands, and ihai 
it imposes substantial lumbar spine compres- 
sion when activated Caution is advised when 
l raining this muscle due to the substantial spi ne 
compression penalty that is imposed on the 
spine when the psoas is activated 



After this pilot work, in a larger study" we 
found that any last requiring hip fleaim [molwd 
rhe psoas, Although we obtained this impress iun 
from studying the activation profile of the psoas, 
otiw considerations stem from its architecture. 
Why does rhe psoas traverse the entire lumbar 
spine and t in fact, course all the way to the lower 
thoracic spine? Why not let just the iliacus perforin 
hip flexion? If only the iliacus were to flex the 
hip, the pelvis would be ton] tied into an anterior 
pelvic tilt, forcing the lumbar spine into extension. 
These forces are buttressed by the psoas* which 
adds stiffness between the pelvis and the lumbar 
spine. In effect, it can be thought of as a spine 
stabiliser hut only in the presence of significant 
hip flexor torque. Also,, an activated, and stiffened 
psoas will contribute some shear stiffness to the 
lumbar motion segment — but once ag#rt ? only 
when hip flexor torque is required, The fact is 
that the psoas and iliacus are two separate muscles 
(see Santa guida and McGill, l u 95) r functionally, 
architecturally, and nenrally. There is no such 
thing as an iliopsoas muscle! 

In addition some clinical discussion has been 
centered around the issue of whether the psoas is 
an internal or external rotator of the femur and 
hip. Although it has sonic architectural advantage 
to externally rotate the hip, juke r, McCiill, Kropf 
and Stefifen (1*J98) observed onSy small activation 
bias during hip rotation tasks. However, this may 
have been due to the need for significant hip sta- 
bilisation, resultant? in substantial hip eoeontrae- 
tion, In a recent study, we examined a matched 
cohort of workers— half of whom had a history 
of disabling low hack troubles, while the other 
half hid never missed work Those who had a 
history, but were asymptomatic ai the time of 
the test H had a significant loss of hip extension 
and hip in term; I rotation < but more external rota- 
tion). This is an interesting observation* given 
much clinical discussion regarding the "tight" 
psoas. Even though we do not fully understand the 
neuromechanicSp this muscle as a clinical concern 
is worth studying further. 



Quadratus Lumborum 

The quadratus lumboruin (QL) is another special muscle for several reasons. First, the archi- 
tecture of this muscle suits a stabilizing role by attaching to each lumbar vertebra, effectively 
buttressing ad face nr vertebrae hi lateral ly> together with attachments to the pelvis and rib cage 
(see figure 4.54), Specifically, the fibers oftheQL cross-link the vertebrae and have a lary.e lateral 
moment ami via the transverse process attachments. Thus, by its design the QL could buttress 
shear instability and be effective in stabilizing aU loading modes. Typically, under compressive 
load the first mode of buckling instability is lateral (Lucas and Bresler, 1 % 1 ); the QL can play a 
significant role in local lateral buttressing. Also, the QL hardly changes length during am npiix: 
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clinical \. motion {see table 4.2 on page 55 and Met Jill, 

kelfvancf/ Quad rat us Lumborum 1 9" 1 b), suggesting that it contracts \ i rtua lly 

isomer rically. Further insight into its special 
function comes from an earlier olsservation 
that the motor control system involve!! this 
muscle together with the ahdominal wall 
when stability is required in the absence (if 
major moment demands. 

The muscle appears to be active during 
a variety of fie xion - dorn i n a n t> extensor- 
douitnaiiE, and htcrai bending tasks, (Note 
that myoelectric access to the QL is quite 
nieky,, and it is difficult to confirm where die intramuscular electrodes are within the muscle. 
Certainly our techniques on this muscle were nut very- precise. In addition, they tend to migrate 
upon connection* further clouding interpretation of the signal) Andersson and colleagues 
(I found rhat the QL did not relax with the liunbar extensors during the flexion-relaxation 
phenomenon, The flexion-relaxation phenomenon is an interesting task since there are no 
suhsianiial lateral or twisting torques and the extensor torque appears to be supfNjrted passively, 
further suggesting some stahi Sizing role for the QL. 

In another e.xpcrhnent (note again that our laboratory techniques to obtain QL activation 
were rather imprecise at the time), subjects stood upright with a bucket in wh kind. We i nere- 
mentally increased the load in each bucket (resulting in progressively more spine compression). 
Our data suggest that the CJ L increased its activation level (together with the obliques) as more 
stability wns required (ftfcCJill, Jukcr, and Kropk I ^96b). This task forms a special situation 
since only compressive loading is applied to the spine in the absence of any bending moments. 
In summary; the strength of the evidence from several perspectives leaves one to conclude that 
the QL performs a very special jtflhftfeirtg role for the lumbar spine in a wide variety of tasks. 

Muscle Summary 

This section has provided an overview of the roles of the muscles of the trunk in supporting 
postures and moving and stabilizing the lumbar spine. The posterior muscles were presented 
in four large functional groups, The deepest group (the small rotators) appear to act as posi- 
tion sensors rather than as torque generators. The more superficial extensor*, (in id ri fid us and 
iliocostals luiiiborum anil I on in'ssim us thoracis) full into three categories to 

* generate lance extension moments over the entire lumbar region, 

• generate posterior shear, o r 

■ affect and control only one or two lumbar segments. 

"The roles of the abdominal muscles in trunk flexion and in mink stabilisation were high- 
lighted together with the ml us «»f rlu: psoas and QL. CJuarJy, main' muscles play a large role in 
protecting the low back from injury. Chapter 12 applies these findings to exercise regimens for 
individuals with low back pain, 

Ligaments 

When the lumbar spine is neither flexed nor extended (neutral lordosis), only muscle contribu- 
tions need be considered in die mechanics to support the spine. However, as the spine flexes, 
bends, and twists, passive tissues are stressed; the resultant forces of those tissues change the 
interpretation of injury exacerbation h the discussion of clinical issues* or both. For this reason, 
I introduce the mechanics of passive tissues in this section, followed by some examples illustrat- 
ing their effects on clinical mechanics. Also fascinating es the distribution of mechanoreceptors 
documented in every lumbar ligament and fascia. Solcimonow and colleagues 1 (2 (KM J) recent 
evidence suggests a significant proprioceptive role for spinal ligaments. 



The QL appears to be highly involved 
with stabilization of the lumbar spine, 
together w\lh other muscles, suggest- 
ing that a clinical focus on this muscle 
is warranted. Exercises emphasizing 
■activation of the QL while sparing [he 
spine art? described in p^rt III, "Low Rack 
Rehabilitation." 
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Longitudinal Ligaments 

The vertebrae are joined to forni the spina] column hy two ribbon- like ligaments, the anterior 
longitudinal and the posterior longitudinal lij£tinents n which assist in resrjdetiji^ excessive flexion 
and extension (see figure 4.35). Both ligaments have bony attachment* 10 the ven d md »>. >ik-s .sml 
collagenous attachments to the annul us. Very little evidence exists for the presence of mechano- 
receptors in these ligaments. Posterior to the spinal cord is the ligamentum flavurn, which is 
characterized by a composition of approximately S0% ehstin and 20% collagen, signifying a 
very special hi net ion tbr this ligament, lr has heen proposed [hat this highly e las-tic structure* 
which is under pretension throughout aJl levels of flexion, acts- as a barrier Co material that could 
buckle and encroach 011 the cord in some regions of the range of motion. 

Interspinous and Supraspinous Ligaments 

The interspinous and superspinous. ligaments are nften classed as. a single structure in anaromy 
texts, although functional ty they appear to have quite different roles. The iiitersphious ligaments 
connect adjacent posterior spines but are not oriented parallel to the compressive axis of the 
spine. Rather, they have a large angle of obliquity* which has heen a point of contention. L«br 
years most anatomy hooks have shown these ligaments, with an oblique anjjfc that would cause 




ligament ligament 



Figure- 4.35 Major lumhai ltg^nn:nls. Nnle the: < ijnlrovosy surrounding the inlc.*spinous ligament 
m figures 4.1ft anrl 4. .17. 

A£b|tt6d, lw pfcrttitaloft, iVttiil |. WJtkins. VJ9% ttrUftUte ami tutitikM of thf MitAi uite&vieiat Syiieti}. iCkilnpdlfln. II.. liunun 
Kinetics?, 149. 
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posterior shear of the st^seriofvertybrat: (sec fijn.ire 4.36). This error" i$ believed to have originated 
around the mm of the cenmry, with the hypothesis being that m artist held the vertebral section 
upside down when drawing! other artists simply copied the previous 3 it rather thai* looking at 
a spine. This was corrected by Heylings (sec figure 437), noting that indeed these ligaments 
have the obliquity 10 resist posterior shear of the superior vertebrae — but also [impose anterior 
shear tbrc.Es [hiring full flexion (Heylings, 1 97ft). While many anatomy textbooks suggest rhat 
this lijraEnent serves to protect against excessive flexion {liased on err<ineous anatomy). 1 do not 
believe this notion is correct. Heylings (1978) suggested chat die ligament acts like a collateral 
ligament similar to those in the fcn«+ whereby the ligament controls the vertebral rota don as 
it follows an are throughout the flexion range. This in turn helps the facet joints remain in 
contact, gliding with rotation. Furthermore* with its oblique line of action, the interspi tunas 
ligament protects again si posterior shearing of the superior vertebrae and is implicated in an 
injury scenario discussed later in this chapter. 

fn contrast to the intetspinous ligament, the supcrspinous ligament is aliened mure or less 
parallel to the compressive axis of rhe spine t connecting the rips of the posterior spines, li 
appears ro provide resistance against excessive forward flexion. Finally both supraspinous and 
intcrspinrjiib ligacncnts have an extensive network of tree nerve endings (type IV receptors) 
(Yahia, Newman, and Rivard, 1988) together with Ruffini corpuscles and Pacinian corpuscles 
(Yahia 1 Newman, and Rivard, Jiang et al., 1995). Yahia and colleagues (1VHS) and 

Sulonlonowand colleagues (2 000) suggest a proprioceptive role for the ligaments to prevent 
excessive strain in fully flexed postures and- — given their architecture — quite possibly when 
under excessive shear load. 




Figure 4.36 For most of the past 1 00 years many 
anatomical artists have drawn the inter spinous 
ligament upside-down, as shown in thfs example. 
Such drawings, have caused the ligament i unc- 
tion to be misinterpreted as that of a supporter 
of anterior shear,, which is incorrect. The original 
figure of this example, from J. Watkins, 1999., 
Structure and Function uf the Musculoskeletal 
System < Champaign, IL: Human Kinetic s), was 
drawn correctly but has been altered to illustrate 
the incorrect rendering many artists have drawn 
fn the past. 

Adaptwl by [wnnj&^on, rrom |. Wjltorft, l99 L 3 r Htfucwn- and 
ftinrtkm rx' ' /hi- Mtmr/ihnkrk-tAi i\.*t\pm ■.("hjmpnsgn.. II : I knn,in 
KinrthM, 



Figure 4,37 The interspinous ligament 
runs obliquely to the compressive axfe and 
thus has limited capacity to check flexion 
rotation of the superior vertebrae. Rather, 
the inlerspinou-. lament may act as a col- 
lateral ligament, controlling vertebral rota- 
tion and imposing anterior shear farces on 
the superior vertebrae. (ZG j Zygapopfiyseal 
joint or facet joint, 1 L2h {L3j lumbar spinous 
processes. 

Adapted, by pennhsiwv from D, Heylings 1976, "Si^rj- 
- . I ■ i -. .Mill iiilifspinnus lij^srwnts. uP III*' hum;in lumlur 
S|jiu<*r frtvr/Mf iff AnuJrjrriv 11501: 124. tjrtjjyrhfttit KLK.k 
vrfll Publishing. 
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rrevanclV Intorspmous Ligament Architecture 

The interspinous ligament appears to provide a collateral action as il guides the sliding motion of 
the facet join-is and checks posterior shear of ihe superior vertebra. The flip side of this functional 
rote \$ thit during full flexion the superior vertebra is sheared anteriorly:, often adding to the KW.riou 
shear forces produced in a forward bending posture. Therapeutic exercise recommending full spine 
flexion stretches must consider the resultant shearing forces imposed on the joint by i nter spinous 
I ifprront sjrai n, Ibo often,, even those patients with shear pathology — for example., those with spon- 
dylolisthesis — are prescribed flexion stretches. This appears to be MUadvised 



Other Ligaments in the Thoracolumbar Spine 

Opicr ligaments in the thoracolumbar spine include the intertransverse filaments and the facet 
capsule, 

* lateTtraiisvejTte iiguifiwrtw These ligaments span the transverse processes and have 
been argued to be .sheets of connective tissue rather than true ligament* (Bogduk and Twomey, 
1991), fn fact; Bogduk and Twomey suggest chat the intertransverse ligament membrane forms 
a septum between the anterior and posterior musculature that is an embryological holdover 
from the deve lopment of these two sections of muscle. 

• Fm?f capsule* The facet capsule consists of connective tissue with bands that restrict both 
rhe joint flexion and the distraction of the facet surfaces that result from axial twisting. The liga- 
ments that form the capsule have been documented to be rich in proprioceptive organs — Pacin- 
ian artd Ryffini corpuscles (Cavanatigh et a!. n 1$96; McLain and Pick a r, I WE) — and hate been 
observed to respond to multidirectional stress (Jiang et al.> L095)> at least in cats. 

Normal Ligament Mechanics and Injury Mechanics 

Determining the roles of ligaments has involved qualitative interpretation using their attachments 
and lines of action together with functional tests in which successive ligaments were cut and 
the joint motion was reassessed, Early studies attempting to detenus ne the amount of relative 
contribution of each ligament to restricting flexion were performed on cadaveric preparations 
that were nut preconditioned prior to testing. This usually entails a loading regimen so that the 
cadaveric specimens better reflect in vivo behavior. Specifically,, the investigators did not take 
into account the fact that upon deaths discs, being hydrophi]ic t increase their water content and 
cun_seuucntly their height The swollen discs in cadaveric sfjcciincns produced an artificial preload 
on the ligaments closest to the disc, inappropriately suggesting that the capsular and longitudinal 
ligaments are more important in resisting flexion than they actually are in vivo. For this reason^ 
these early data describing the functional roles of various ligaments were incorrect. The work 
nl" Sliamia <ind colleagues (1995) showed that the major ligaments for resisting flexion are the 
supraspinous ligaments Those early studies showing that the posterior longitudinal ligament 
and the capsular ligaments are important for resisting flexion did not employ the necessary 
preconditioning just discussed, 

Mechanical failure of rhe ligaments is worth considering. King (1993) noted that soft tissue 
injuries arc common during high-energy, traumatic events such as automobile collisions . Our 
own observations on pig and human specimens loaded at slow load rates in bending and shear 
modes suggest that excessive tension in the longitudinal ligaments causes avulsion or bony fail- 
ure near the ligament attachment site, \oyes and colleagues (1994) noted that slow strain rates 
(0.66%/s) produced more ligament avulsion injuries, while fast strain rates (66% /s) resulted in 
more nudliganientous failure, at least in monkey knee Hgaments, The clinical results of Rh- 
sanen (lVoO), however^ showed that approximately 20% of randomly selected cadaveric spines 
possessed visibly ruptured lumbar iuterspinous ligaments, while the dorsal and ventral portions 
of the interspinous ligaments and the supraspinous ligaments were intact. 
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CLINICAL 
RELEVANCE 



Patterns of Ligament Injury 



These could be considered to represent 
the living population. ( -riven the oblique fihtr 
direction of the interspinous complex (see 
figure 4.3 7, page. o4), a very likely scenario of 
interspinous ligament damage is falling- and 
landing on one Is behind, driving the pelvis 
fur wart! on iulpail a?id ere .time, a iKmlenor 
shearingof the lymhar joincs when the spine 
is fulty flexed. 1 be interspinous ligament i.s 
a major load-bearing tissue in this example 
of high -energy loading characterised by 
anterior shear displacement combined widi 
fiill flexion. Considering the available data, I 
believe mat damage to die ligaments of the 
spine, particularly rhe interspinous mmplux, 
is not likely during lifting or other normal 
occupation sit activities. Rather, ligament 
damage seems to occur primarily [luring 
traumatic events, as described curlier The subsequent joint laxity is well known to accelerate 
arthritic changes (Kirkalily-Wllis and Burton T 1992), What has been said in reference to the 
knee joints "Ligament damage marks the beginning or the end a M is also applicable to tru- spim- 
in terms of being the initiator of the cascade of degenerative change. 



Torn spinal ligament appear to be ihe 
result of ballistic loading — particularly 
slips and falls or tray malic sporting 
cicitvity widi the spine at its end range of 
motion. Those with recently developing 
spine symptoms and accompanying spine 
instability can often recount prior inci- 
dents in which the ligaments could have 
been damaged. Ii the traumatic ev^nl 
o; ( urs rit work but the delayed sequel 
develop later during an event at home,, is 
this compensable? Arguing these types or 
questions requires a so! id understanding 
of injury mechanisms. 



Lumbodorsal Fascia (LDF) 



\\l)\k' 4 l\|uaion:il MUL-rprfliiLKin ol lhc lsinilHnlors.il l,i^i:i (E \)\ ':[ dsof idled [lit til- liWjhimlmi 

fasda by some) is provided later s a short anatomical description is given hers, First,, the fascia has 
bony attach me nts on the tips oF the spinous process (except the shorter L5 in many individuals) 
and to the posterior-superior iliac spines (PSLS). Some Fascial connections cross the midline, 
suggesting some force transmission, [bus u jnipk'iing rlu 1 huup ar<umd e Jit- abdomen with the 
previously described abdominal fascia anteriorly. The transverse abdominis and internal oblique 
museles obtain their posterior attachment to the fascia, as does the ktissitnus dorsi over die upper 
regionsof the fascia. The fascia, in wrapping a round rhf back, fornix a coinpanmeni around the 
lumbar extensors (multiridus and pars lurnhorum groups of iliocostal is and longissimus) and has 

been implicated in compartment svndrotne 
(Can etat lffSS^tyfi 1987) (we figure4J8), 
Recent studies attribute various mechanical 
roles to the LDE In fact, some have recom- 
mended lifting techniques hasted on these 
hypotheses. However are they consistent 
with experimental evidence? G'raeovetsky 
and colleagues (1981) originally suggested 
that lateral forces generated hy the internal 
oblique and transverse abdominis muscles are 
transmitted to the LDF via their attachments 
to the lateral border, and Thar rhtf fascia could 
support sulwtanrial extensor moments. They 
hypothesised that this lateral tension on the 
LDF increased longitudinal tension byvutue 
of the collagen fiber obliquity in the LDF, 
causing the posterior spinous processes to 
move together, resu Id ng i n I < i tn b,i r e xre n^ion. 
This proposed sequence of events formed an 
attractive proposition because the LDF has 
the largest moment arm of nit the extensor 




Figure 4,3Et Collagen fiber -arrangement in The LOF binds 
the- lumbar evfensor muscle* and rendnns from the thoracic 
muscles together «ir they course to me sacral allachmenls. 
\hu9,, ijisa of lht« turn linns ui I hi < I D1 appears to hr- acting as 
,in Licensor muscle re? inoculum — and a natural a Momma I - 
back belt 
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Figure Stress lines, in the LDF indicate that the 

latissimus dorsi is ihe dominant force activator — at (east 
in this example. 



e issues. As a result, my eatensor forces within 
rlu: ] would impose c hi: smnlk-M compressive 
penalty to vertebral components of the spine. 

However, three studies, all published iibutii 
the same time, coltecti ve!y challenge the lability 
of tli is hyjHJEhesis: one by Tesh and colleagues 
(.1 W), who performed mechanical tests on 
cadaveric material; one by Macintosh and col- 
leagues (I C )H7) 1 who recognized the anatomical 
inconsistencies with the abdominal activation; 
and one by McGill and Norman fI9®^ who 
tested the viability of LDF involvement with the 
iatissimus dorsi as well as with the abdominal 
muscles (see figure 4.39). These collective works 
show that the LDF is not a significant active 
extensor of the spine. Nonetheless^ the LDF 
is a strong tissue with a wen-developed Saitice 
of collagen fibers suggesting that its funcrion 
may be that of an extensor muscle retinaculum 
(rJogduk and Macintosh. I984) r or nature's back 
belt, in. addition* the fascia does contain both 
Ruffini and Pacinian corpuscles together with 
diffuse innervation (Yahia, Newman, and Rivard, 
199H), The tendons of Inngissiinus thoracis and 



iliocostal] s lunilM>rum pass under the LDF to their sacral and iliac attachments. It appears that 
the LDF may provide a form of rethiacular "strapping 7 * for the low back musculature, Finally, 
the abdominal wall and the Iatissimus tlor&i forces add tension to the fascia and stiffness to dtle 
spine to prevent specific types of unstable behavior and tissue damage (explained in chapter 6 
cm spine stability.). 



CLINICAL 
RELEVANCE 



Lumbodorsal Fascia Anatomy: Nature's Back Belt 



No evidence Justifies specific lifting techniques to involve the LDF for extension or [he spine. How- 
ever, activation of the Iatissimus dorsi and the deep abdominal obliques contributes stiffening (and 
stjln I i ring) forces to the lumbar spine yia the fesda (guidelines for activating these muscles are 
provided in chapter 1 2}. Furthermore, the LDF appears to act as a retinaculum and probably fulfil Is 
a proprioceptive function. It is part of a "hoop" around the abdomen r which consists of the LDF 
posteriorly, the- abdominal fascia anteriorly, and [be active yrxfuminal muscles laterally; thiMhrw 
together complete the stabilizing corset {see figure 4.40), As noted earlier, this also appears to bean 
important elastic energy storage-recovery device for ballistic athletes, tuned by the obliques. 



A Quick Review of the Pelvis, Hips, 
and Related Musculature 

A healthy back depends on proper function in the pelvis and hips ft)r several reasons. Power 
is usually generated at the hips, for lioth performance and safety reasons. Further, the pelvis 
acts as [he plat form for the spine, Given the exercises that ensure optimal hip function 
with spine integration shown later in this hook h a brief overview of the relevant anatomy is 
provided here. 

"The pelvis is usually sectioned into three regions, the ilium, ilu- Miium, ;ieuI ihr pubis. 
Articulations and small morions occur at the pubis anteriorly and at the sacroiliac joints (see 
figure 4.4 1). Several nerve block studies have shown these to bu potential causes of pain. Probably 
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Abdominal fa&cia 




LumbodgrsaJ 
fascia 



Figure 4.40 Hie abdominal fascia, an ret inrly, and [he LDF, posteriorly, are passive parts of I he 
abdominal hoop. The lateral active musculature [primarily the larger infernal oblique ancf external 
oblique together with the smal ler transverse abdominis) serves to tension ihehoop (dashed arrowsj. 

the most relevant factor for exetf ise-related issues is the architecture of the muscles. Psoas 
and iliacus have already been described for their role En hip flexion and stabilization. Gluteus 
maxim us is prim aril) 1 a hip extensor and external roraror + while gluteus medius and gluteus 
minimus art primarily abductors anil thus tremendously important for any activity that requires 
single-leg stance or gait with directional change Th^y assist die spine musculature (such as QL 
and the obliques) to hold the pelvis up during single-leg support and thus are key players in 
spine stability' during gait. They also externally rotate the femur, which is a. functional feature 
we will use to full ad vantage in the design of squat exercises later in this book. There are other 
"gluteal" muscles known -as the deep six (piriformis 1 obturator intern us and externum gemellus 
superior and inferior, and quadratus femoris), which toother assist in controlling internal and 
externa] rotation. 

The muscles in the hamstring group (biceps femoris, semitendinous, semimembranosus) 
extend the thigh, flex the knee, and perform stabilizing roles over each of these joints. In many 
upright situations, particularfy walking a] id running, their most important roie is in "braking" 
with eccentric contraction. Yet in stooped postures, particularly lifting, the hamstring groups 
are very important for their contributions to hip extension. The medial thigh muscles adduct 
die thigh. The quadriceps extend the knee and provide a patellar tendon tracking function. One 
member of the "quads,* rectus femoris, crosses the hip joint anceriorly to create hip flexion, 
""E iltIii ~ hair mrinp, 1 ! an: utTi:n lihuiu d lor haek troubles, hul asi* nnred several times in the* [ >ook, 
this blame is often misdirected. The bulk of evidence supports neither a link between shorter 
hamstring* as a predictor of back troubles nor the idea that stretching enhances strength output 



Copyrighted Material 



Copyrighted Material 



Functional Anato my of th e Lumbar Srjjne_ 



69 



Sacrum 



llii.rr 

Sacroiliac jcml 



Acetabular -enc-mi 
foint 

Pubis 



Femur 




iliac crest 



Anterior supenor iliac spine 
Anterior infer ior iliac spine 

G-oa-c-- ircchantci 



Quadratus lurnborurri 



Ifiacus 



Tensor fascia 
lata 



Vastus lateral!! 




Psoas minor 
Intervertebral disc 
Psoas major 



Sartorius 



"~ Adductor (ongus 
Gracilis 

Reclus f emoris 
Adductor rnagnus 
^Vaslu& medialis 
- Paiella tendon 



Gluteus 
rnediue 



Gluteus 
maxsmus 



band 



Gracilis 




I 

Semilendinosus 

Semimembranosus 



Gluteus 
minimus 

Piriform ta 
Superior 
gemellus 

Obturator 
internus 

Obturator 
externiis 

Inferior 
aemelJus 
Quadratus 

Adductor 
magnus 

Bkeeps lemons 
(short head) 

Biceps terriers 
(long head) cut 
and removed 



Figure 4.41 Vtaw of the> pelvis and hips. Together I hey function to *ta_bitfze and create Kip power. 

f*> Reprinted, by pjerniiibicpn, from S. ShullJ, t S Jnh'A jlion &f tliu.ituiftS krln-TJi tn}lsitt-S. J -ii iJ ed. iCikuripAigiL, IL: Huni.ni Kinetic*!, 1?7. 

tb,i I li^uNllLed, bv perinisMun, fjoln K.. Bfllhke, . KrVhifJL JvhMctfity, 2nd fcd. idl^M^ul yyi, IL: Human KineiiCSk 1 76. 

(e.g.j Fou'les et al_, 2000; Avela et a I., 2(.H)3) and offers no protective value against injury risk 
(e.g., Black anil Stevens, 2001). Furthermore, what is often attributed to "hamstring tightness" 
is actually neural tension so thai stretching only worsens the back \md radiating leg symptoms. 
There is some evidence to suggest that hamstring trauma can lead to neural tension (Butler, 
1 l ?89), although more often the source of the neural tension is associated with a lumbar nerve 
root or central stenosis, 
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Trai n i ng the Hip Muscu lat u re 

Ma single exercise can tram all hip muscles, although there are some particularly good ones. For example, 
the one-Ie^cl squat is particularly functional, since quadriceps are active for knee extension and patella 
control, hamstrings for knee stability and hip exfcnsfort, the gluteals lur hip extension and hip abduction, and 
the .idductors and gluteal deep six tor hip stabilization. Another clinical jssue is the peril in l raining hip flexinn 
power given the associated loading of the lumbar spine. This is usually reserved for those who no longer have 
pain — training hip fluxion often retards progress toward the elimination of pain. It is usually wise to build 
extensive spine stability prior to progressions into building hip power, 

Considering these muscles demonstrates the tremendous number of them that cross the hip 
joint. Collectively, they are able to create, significant power* and they can direct force in a pow- 
erful manner in many directions, Jn many cases they are the maj-or power source for functional 
performance. Specifically, they create ant! <lircct force while chanpinj^ lenjnii at rapid speed. 
Many of theni cross both the hip and knee joint, indicating that functional training must involve 
rusks diat challenge both joints at different velocities- Further^ this training must ineorporaie 
lateral motion and rotation aJ motion in the transverse plane. 

Clinically Relevant Aspects of Pain 

an d Ana t omic Structure 

Recall from rhe mooductian to this book thai tissue damage can alter the biomechanics of a 
spinal joint and that once the biomechanics have changed, any innervated tissue can he the 
ca ndidate for symptoms. Pain onpiutes with the free nerve, endfrtijs of the various pain recep- 
tors that typically fonti small nerve fibers. As noted by Guyton ), not all of the small fibers 
originate in pain receptors: Some originate in organs sensitive to temperature > pressure 1 or other 
"touching* sensations. Pain also may be initiated at higher levels in the pain pathway: 1 lowe and 
nilh^uesOV"?) demonstrated thai mechanical pressures on the dorsal root ganglion produce 
discharges tor up to 25 minutes following the removal of the mechanical pressure. In addition, 
Cavanaugh (1995) showed that nerve endings are sensitive to chemical mediators released 
duri ng tissue damage and inflammation. Sc^ie studies have attempted to examine inflammatory 
processes by the injection of various chemicals. For examples Ozaktay and colleagues (iW+j 
injected carrageenan into the region of nerve receptors around the facet joints of rabbits and 
reported that the discharge from the pre^ii!X j - sensitive iK-umris lasted for > hours. This finding 
suggests chat tissue damage producing inflammatory processes may contribute to a long-lasting 
muscle spasm, In a recent summary, Cavanaugh (1995) presented evidence to document the 
possible role of various chemical mediators that sensitize various components along the pain 
pathway so that pain is produced during events that are normally nonnoxious. Much remains 
to be understood. 

Bogduk (1 ^8?) provided an excellent review uf the innervation of lumbar tissues. For example, 
the facet is well innervated with a variety of low- and high -threshold nerves, suggesting both pain 
and nociceptive functions,. Free- nerve endings also have: been observed around the superficial 
layers of intervertebral discs,. 

Tissue-Specific Types of Pain 

1 have had some personal experience with direct mechanical irritation of specific low back tissues 
and the resultant pain. Admittedly, these results are limited, given the single subject (myself) and 
the .subjective nature f if the observations, but 1 believe they are worth reporting nonetheless. 1 
obtained these insights from indwelling EMC experiments in which needles were used to implant 
i:n:- w hi K.\H i -.'U'v: 1 1 ides in the psoas, multifidus, and three layers of the abdomini.il wall. 
Alany people have experienced the burning sensation as the needle penetrates the skin. This is 
cutaneous pain, as die application of tee and a hot material feels similar. As the needle applies 
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pressure to, and punctures through, the LDF T the pain is fell as a scraping sensation and some- 

[inu-s ;is ,ir. l-Il l ci ii' i : .n :rni. J he saim- smi nl pain is k:k a^ilu lU'iilk- piu^ivw- ihruiiirh Hir 
different sheaths I>ctwee3i the layers of muscle of the ahdoEiiin.il wall It is interesting to note- 
that fibromyalgie patients sometimes report this scratchy type of muscuiarly located pain — it 
is very consistent with epimyshim and fascia irri ration, Once the needle was inside [he muscld 
no pain was. perceived, just an orcasifHial Ireeli n^; < >f mechanical pressure. As the needle touched 
the peritoneum of the abdominal cavity in arty location, a general intestinally stek feeing was 
produced in the abdominal region, focused anteriorly to a small area just he low the naval. As 
the needle touched the bone of the vertebra, even with very light pressure 1 a very pointed and 
"IwhrniLi " pain was produced, similar to the pain experienced on bein^ kicked in the shins. Once 
again, the reader must resize xhat these are the experiences of a single ]>er.snn. Nonetheless, 
they do profile crude qualitative insipht into the rypes of pain produced in specific tissues. 

Can Pain Descriptors Provide a Reliable Diagnosis? 

Pain is clearly produced from tissue irritation, particularly mechanical overload. Some have 
argued that some tissues may or may not he candidates for sources of pain based on the presence 
or absence of nociceptive nerve endings. This may be a diversionary argument. If die overload 
is sufficient to damage tissue and produce binim l- ha nun I dian^i in ihr joini, [hen ihu heading 
patterns of other tissues are disturbed. Thus, even though one tissue may not be capable of 
producing pain, if it is damaged sufficiently to shift load to another suitably innervated tissue, 
pain may result. Knr example, innervated an nidus and disc end plates may be sources of pain 
as a consequence of end-plate fracture or annular herniation. But end-plate fracture can cause 
significant disc height loss, which can lead to nerve entrapment, complex joint instability, sub- 
sequent facet overload, and so on. Once the biomechanics of the joint have been altered, it is no 
longer fruitful to attempt to diagnose specific tissue damage; the picture is complex. Functional 
diagnosis is the only feasible option. 

A Final Note 

Ed this chapter, a rudimentary anatomical and biomechanics I knowledge on the part of the reader 
is assumed. Using this Foundation, some anatomical features were reviewed that are not often 
considered or discussed in classic anatomical texts. Serious discussion of anatomy must involve 
function an<l 1 by extension, must consider biomechanics and motor control. Hopcfully t the 
functional discussions throughout this chapter have stimulated you to give more con skleratton 
to the architecture of the lumbar spine. The challenge tor the scientist and clinician alike is to 
become conversant with the functional implications of the anatomy* which will guide decisions 
to develop the most appropriate prevention programs for die uninjured and the best treatments 
I'm patients. 
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CHAPTER 5 

Normal 

and Injury Mechanics 
of the Lumbar Spine 

Chapter 4 described the lissues, or ihe anatomical parts, and their rok in function; this chapter 
will describe the normal mechanics of the whole lumbar spine. Since most biomechanics, 
texts provide descriptions of spine motion, I will address that only briefly here, Instead, I will 
focus on the functional implications of that motion, which are far more important 1 will also 
explain injur)' mechanisms, and the changes that follow injury. Controversy remains, as ro whether 
these changes are a consequence of injury or in fact play a causative role. 

Upon completion of [his chapter, you w ill be able to explain the role ot tissues in various tasks 
and consequently identify hack -sparing techniques. In addition, you will understand the changes 
that follow injury, which have an impact on runctiunal ability and rehabilitation decisions. 

Kinematic Properties of the Thoracolumbar Spine 

The ranges of thoracic and lumbar segmental motion about rise three principal axes (shown in 
table 5,1} demonstrate the greyer flesion, extension, aid lateral bending capability of the lumbar 
region and the relatively greater rvvistmg capability of the thoracic region, While the segmental 
ranges shown in the table are population averages, keep in snind that a targe variability exists 
among people, among age groups (AlcGilL Ying(ing n and Peach p I and among segments 
v. ii ;i:n ai 1 i: !i-- iihm:. 

Joint stiffness values convey the amount of translation I and rotational deformation of a 
spine section under the application of force or moment. The average stiffness values (shown 
in table 5.2 compiled hy Ashton-xMiller and Schultfc, document the trans! ationaf sriffhess 

of the spine in a neutral posture: they indicate greater stiffness under compression than under 



CLINICAL 
HELL VANCE 


y Motion Palpation — Pathology or Normal Asymmetry? 




Stiffness asymmeEries during bending to the right compared Eo the left and during twisti mr clockwise 
compared to counterctock^fee at specific vertebral levels* nor imcomrnon, This finding 1$ of 
great importance to the clinician who may sometimes suspect pathology at a specific location buE 
is simply experiencing normal anatomical asymmetry. 

Recent work fay Ross and colleagues (1999) exemplifies the peril in assuming that a joint with 
an asymmetric feel upon palpation is pathological. Clinicians who hold to a typical motion pal pa- 
lion philosophy will often identify an abnormal feeling at a specific spinal level as ihe target for 
therapy, SometiitHJSlhtasyrrirrietritat stiffness may simply be asymmetric Skeletal anatomy — perhaps 
a single facet with a unique angular orientation, Obviously, such a joint would he resistive to any 
■"'mobilizing" therapy. 
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Table 5.T Range of Motion of Each Spine Level (in Degrees) 



level 


Fl^rmn 


FLi^xHin iiiiil 
combined 


Extension 


1 l1iT ll 

bending 




r i 2 




4 






" 


T2~3 




4 




6 


8 


T34 




4 




h 




T4-5 




4 








T5-& 




4 




1 




TW 




5 






8 


T7-& 




6 




6 


B 


in-'" 




6 




& 


7 


T9-10 




G 




& 


4 


TrO-l 1 




9 




7 


2 


Tl 1-12 




12 






2 


T12-L1 










2 


L1-2 


s 




S 




2 


U-3 


in 




3 


6 


2 


IW 


12 




1 


B 


2 


L4-5 


13 




2 


& 


2 


L5-S1 


9 




5 


3 


5 



AH elaLa .*rt from While H.nd Ran|abn1 WAj, eka»pi fie* tan jncl eMpnsnjn lumbar dal.i, which are from Rearcy Hat. i.l 'J84,i jjtd rtwrcy 
jxwlTlbrett.il 119*4 1. 



Table 5,2 Average Stiffness Values for the Adull Human Spine 







SHEAR 


BENDING 






Comp. 


Ant./ Post 


Lit, 


FI*K./E*t. 


lat. 


Axial torsion 


T1-T12 


1250 


86/87 


101 


155/1 59 


172 


149 


L1-L5 


667 


145/143 


132 


00/166 


92 


395 


15-S1 


1000 


78/72 


97 


120/172 


2D6 


264 



Ctenprbuktti .md shtvir villi** .lie luvfn in Ih^tani ptH millimeter Jilil bending .iinJ axi.tl lOrsiOii. in nerwUjil-irtutefi per fjrfLilL 
T1-T12 data from V.Vhite and Rinj^bi flffflk, L1-L5 data from Schultz etal. M979j and fterfctorx Njx:h«tiw.in i jr>d Shufoz i W7% 
15*51 rMM irnrn McG^hnit nl i I Wr 



shear loads. In rotational modes, greater stiffness occurs during axial torsion than ehiriruj rota- 
tion about the ftexiofl-extenskjri and lateral bending axes. While generally the range of mutton 
decreases with age, certain injuries, particularly to the disc, can increase the range of motion in 
bending and shear translation (Spencer, Miller, and Sebultz, Kirlttldy-Willasand linrfcsn 

implicated these !arj*e unstable movements in facet joint derangement. Recent data have 
quantified rhe increase in che range of motion about all three spine axes as disc degeneration 
proceeds from grade I to grades III and IV' Radial tears of the annulus are most prevalent in 
these stages. But this extra motion is replaced by extreme loss of motion hi grade V dises, which 
are characterised by collapse and osteophyte formation (Ta natal et al ri 2001), 
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As the spine moves in three dimensions (flexion-ex tension, lateral bend, and twisc), the align- 
ment of muscle vectors change?; wirh respect in rhe vertehnl orthopedic a^s. This causes rhe 
role of the various, muscles to change* Sometimes their relative contribution to producing a 
specific moment changes along with the resultant joint compression and shear. Muscle lengths 
and their moment potential as a function of spine posture arc shown in table 4 P 2 (pigs £5) and 
table S3, A ran^e of extreme postures is shown in fipure 5.1. Some muscles close to the spine 
obviously do not undergo great length excursions. 




Figure S.I A range of extreme postures was chosen to assess muscle length changes liable 4.2} and their potential to 
produce three-dimensional moments (table 5=3). Postures depicted are fjj upright standing, (b}&0? flexion, ic)!?" R lateral 
bending id} 10" twisl, and ie) combined. 



Lumbopelvtc Rhythm 



Upright 
standing 



Spinal 
fiexion 




rhe EypitAl description of torso flexion suggests that the first 6if of torso ftekipn takes plaice in the lumber 
spine,, while any further flexion fs aCCQmjpiljshed by flexion about the hips (see figure s.2). Although this 
notion is very popular in clinical 
textbooks, we have never measured 
this strict sequence in anyone, in 
fact r Olympic wefght filters attempt 
to do [he opposite — they lock the 
lumbar spine close to the neutral 
position and rotaie aimost entirety 
about the hips, When the lumbar 
spine and hip interplay is quantified 
in most people, it is apparent thai 
torso flexion is accomplished wish 
a combination ot" hip mutton r inrl 
lumbar spine Hex inn. In fact, given 
the ligament and annulus stresses 
associated with lumbar flexion, 
avoidance of full spine flexion is 
both prophylactic and therapeutic 
for most patients. rbe belief thai the 
lumhopelvic rhythm iwirh distinct 





Spinal flexion 
and pelvie tilling 



Figure 5.2 The lumbopefvic rhythm is the textbook description of how people 
hend over, The ffasi 60° takes place in \\ w lumbar spine (flexing), while further 
rotation of the torso is accomplished with rotation about the hip. We have neve* 
measured this sequence in anyone — from professional athlete to back patient: 

separation of spine and pelvic motion) is beneficial, as described in so many textbooks, appears to be a clinical 
myth and not the product of quantified spine and pelvis motion, 
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Kinetics and Normal Lumbar Spine Mechanics 

Interpretation of the function of the anatomical components of the lumbar spine requires 

* analysis of their architecture and neural activation of muscles, ami 

* knowledge of Forces in the individual tissues (both active and passive) during a wide 
variety of tasks. 

This information is crucial for understanding how dsnuc overloading and injuries occur and 
also for optimizi ng treatment strategies for specific spine injury 1 , iahle SA and figure 5 .3 provide 
activation levels quantified with surface and intramuscular electnim^graphy (EAIG) for a variety 
of torso muscles and over a variety of activities. These will be referred to throughout this book. 
This section will address several issues and controversies about the functional interpretation df 
the thoraeo!unihar anatomy Given the inability of the clinician and scientist to measure individual 
tin sue Forces in vivo, the only tenable option is to use sophisticated measurement techniques 
to collect various biological signaU from living subjects and integrate them with sophisticated 
modeling approaches to estimate tissue loads-. In chapter 2> 1 described briefly the technique we 
used to assess the various issues in thss chapter {the virtual spine). 

Loads on the Low Back 
During Functional Movements 

Of course > no one can avoid performing countless functional movements every day And if your 
patient's form is poor for any of those movements, lie is exacerbating his low back problem;, 
simply by going about his business. Thus, you must be able to ana 1)74 how your patient moves 
in all sorts of ordinary situations so that you can identify and explain where his problems lie, 
and how to correct them. 

Standing and Bending Forward 

Scl eral Studies over the years have shown the flexion-relaxation phenomenon, or the apparent 
myoelectric silence of the low back extensor muscles during a standing-to-full-llexJon maneuver. 
The hypothesis has been that, as full flexion occurs, eirherthe extensors, sbuc down their mumi 
drive by reflex or the passive tissues simply take the load as they strain under full flexion, A 
study by McGill and Kippers (199+) using the virtual spine approach described in chapter 2 
quantified individual tissue torce-S thus adding more insight into the understanding of this 
task. As one bends forward, the Spine flexes and the extensors undergo eccentric contrac- 
tion. As full flexion is approached, the passive tissues rapidly take over moment production, 
relieving the muscles of this role and accounting lor their myoelectric silence. Figure 5 A 
shows the relative contribution of the muscles and the passive tissues (ligaments* disc* and 
gut) to the re act ton moment throughout the movement, while table 5.5 documents the 
distribution of tissue forces and their moments and joint load consequence, Interestingly, 
the ,L relaxation" of the lumbar extensor muscles appeared to occur only in an electrical sense 
because they generated substantial force ck^iicalk during kill spirit: Hcvcm through stretching. 
Perhaps The term flexion-relaxation is inappiYipriate, particularly tor chose who maybe attempting 
to minimize forces in the muscle iui clinical settings, l ; urthermore + me shear loading is substantial 
(see chapter 4 (bra discussion of the ligament and muscle directions and the loss of shear support 
in the extensors with fin 1 1 Hex ion) and would suggest caution for those with spondylolisthesis or 
other more subtle shear instabilities. Clearly, straight-leg roe touches or knees~to-ehest stretches 
would cause similar concern. 

Loads rwj the Low Buck During Lifting 

During lifting muscle and ligament forces required to support the posrure and facihtate move- 
ment impose mammoth loads on the spine. This is why lifting technique is so important to 
reduce low hack moment demands and the risk of excessive loading. The following example 
demonstrates this concept. 
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m Outstanding 



\\^ Standing extended 



Press-hoe} sit-ups 



Sending lateral bend- 
ieft 



Bent-knm curi-upe g^^S/^. Sfandsng lateraJ bend^ 



Bent-knee leg raise 



Straight-lea raise (S^K^^ 5 ^ 



Isometric hand-to-knee 

(1 hand-r knee/r hand-l knee) 



Cross curl-up 
(to r/l shoulder) 



Isometric side bndge 
(left side down) 



Dynamic side bridge 
(left side down) 



Push-up from feet 
Push-up from knees 



Symetric bucket hold 
(2tt'30/40/0 kg) 




Spirited lateral bend- 
moving left 



Seated lateral bend- 
moving right 



Seated upright 



Seated isometric twist 



Standing hp rotation 
(internal/external) 



Seated hip rotation 
{internal/external) 



Sitting upright 



Sitting slouched, raJa*ed 



Lift light load (20 m 

Lift heavy lead {50-100 kg) 









Figure 5.1 Sr.ru-malic d on j morning various lasks during which I Mt i signals wr-io obtained. Ihev an- lisuwJ in rahk* ^.4. 

Ki.'|ii i.:i'il. I'-. |- i--- - .ii. I- .1 ■ I.J. lufctfr, S.M. MiGHI, £.M. Kwpf, 1 Stiffen, I 'j'Jci.. -fju.ini IritMrnuM uLir mvuplrttik' Jtlnuiy of lumbjn portions oTp*Ci.ia driri 

llhe abdoml wl wall during a wide variety of tasks^ Medicine and Science in Sportf and fterrJse- 3QQy. 30t-il0. 
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Raw moment CiscTq - LigTq MusdleTq GutTq 



figure 5,4 During standing to full forward flexi0n> then back to standing, the extensor muscles eccentrically contract but 
transfer their moment supporting role (MuscleTcf) to the passive tissues at full flexion— the disc (DttcTqj, the buckled gut 
(GutTq), and (he ligaments (LigTqj. Note that some force remains in the muscles with passive stretching. 



Table 5*5 Individual Muscle and Passive Tissue Forces and Moments During Full Flexion 

The moment was 1 71 Nm 138 Nm by muscle, 113 Nm by ligaments, and 20 Nm by passive tissues j such as rhe disc, skin r and 
buckled viscera J. Tbe pirn irompfej^fon was 3145 N, a^d she.ar was 1Q2b N. 





FORCE 


MOMENT {NM} 


COMPRBSION 


SHEAR (N) 




N 


Flexion 


Lateral 


Twist 


N 


Anteroposterior 


Lateral 


MUSCLE 


R raclus abdominis 


lb 


-2 
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l^ 


5 


-4 


L rectus abdominis 


lb 


-2 


-1 


-1 


15 


5 


■1 


R external oblique 1 
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^3 


L externa! oblique 1 
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R external oblique 2 
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L external oblique 2 
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R internal oblique 1 


35 


0 


3 


-2 


21 


-1<J 


20 


1 internal oblique 1 


ss 


0 


-3 


i 


2] 


-19 




R iniern^l oblique 2 
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31 
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fl 
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-4 
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FORCE 


MOMENT fNM) 


COMPRESSION 


SHEAR (N) 




N 


Flexion 


Lateral 


Twist 


N 


Anteroposterior 


Lateral 


MUSCLE (continued) 


R iliocostal is lumborum 


5S 


5 


4 


1 


57 


14 


-1 


L iliocosiali& lumborum 


5fl 
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-4 


-1 


57 
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93 


7 
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p 


91 


23 
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25 
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L quadrat us lumborum 
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25 
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298 
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H/ Low Back Disonders 



A mm is lifting 27 kg (59 lb) held in ihc hands using a squat lift style. This products an 
extensor reaction moment in rhe, low hack of 450 Nm (J 32 ft/lb). The forces in the various 
dssucs that support this moment impose a compressive l<*ad <in the lumbar spina of over 7000 t\ 
(1568 lb). Table S.6 details the contributions to the iota I extension moment and to the forces 
from the jTiLisciibr components, 'iTi^e (brces and their effects are predicted using [Ik 1 sophis- 
ticated iTHKfelmp iippru;ich h u hich llscs biohji^a-cal signals obtained directly from the subject 
(see chapter 2). It should be noted here that 7000 N (15681b) of compression begins to cause 
damage in very weak spines, although the tolerance of the lumbar spine in an average healthy 
young man probably approaches 12 to 15 kN (26Htt-J_ln0 lb) (Adams and Dolan. IV95). In 
c^li chicc;lsch, compressive loads on the spines of competitive wei^hdifcers have safel v exceeded 
2(J ti\r (4480 lb) (Cbolewicki, AtcGill. and Norman, 1^1), 

Understanding the individual muscle forces their contribution to sxappnrting the low haelc s 
and their components of compression and shear force that are imposed on the spine is very useful. 
In this particular example* die lifter avoided full spine flexion hy flexing at the hip t minimizing 
ligament ?md other passive tissue tension and relegating the moment generation responsibility 
to the musculature. An example in which the spine is flexed is presented later in this chapter. 
As described in chapter 4. the pars thoracis extensots are very effective lumbar spine extensors, 
given rheir large moment arms. Also, since the lifter's upper body is flexed* large reaction shear 
forces on the spine are produced {the rib cage is trying to shear forward on the pelvis). These 
shear forces are supported to a very large degree by rhe pars lumboruiii extensor muscles, Fur- 
rheniKirL'. dv .ili.:-:ni i.ini i i i-m Ji- .uv .u-riMi^-d I ■■ li A-\ hoe ; ■ -i .i^ : s i ^ ^ movement. \\'h\ i k«_ «. 
active? These muscles are activated to stabilize the spinal column, although this mild abdominal 



Table 5.6 Musculature Components for Moment Generation of 450 Nm 
During Peak Loading for a Squat Lift of 27 kg (59.5 lb) 



Muscle 


Force- (N) 


Moment (Nm) 


Compression (N) 


Shear EN) 


Rectus abdominis 


25 


-2 


24 




Fare™! oblique 1 


45 


1 


li 


24 


External oblique 2 


43 


-2 


10 


fl 


internal oblique 1 


\A 


1 


14 


-2 


Internal oblique 2 


i% 


-1 


17 


-IS 


Loogissimus thoracis pars lumborum L4 


862 


35 


744 


^36 


Longissimus thoracis pars lumborum L3 


1514 


93 


1422 


-5.1* 


Longissimus thoracis pars lumborum L2 


1342 


121 


1342 


0 


l.on^issimus thoracis pars lumborum LI 


1302 


no 


1 UU 


o 


IHocofllzriis lumborum pars llwacis 


169 


31 


\h9 


0 


Longissirrmi; thoracis pars thoracis 


295 


25 


295 


0 


(JuadroiuA lumborum 


m 


1ft 


$m 


7A 


Latissimus dorsi L5 


112 




79 


-2 


Multifidus 1 


136 


8 


134 


10 


Multif idus 2 


226 


a 


169 


124 


Psoas L1 


26 


0 


23 


12 


hm$ \ 2 


is 


(] 


27 




Psoas 13 


is 


i 


27 


6 


P&oas 14 


in 


1 


27 


5 



Npfraltve FTKinwfiw coir-wpond \o fiction, while negaliw phfw corresponds to 14 *he&\nft postcnorly on IS. 
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activity imposes i expression penalty to the spine. A more rubusi explanation of stabilizing 
mechanics is presented in chapter 6. 

Th.e preceding example demonstrates how diffusely the forces ire distributed and illustrates 
how proper clinical interpretation requires anatomically defiled Free body digrams diar repre- 
sent reality (such as those incorporated i in< i i lie virtual spine model). I helieve tha c oversimplified 
free ExhI)' diagrams have tn r eri<K>tud the important mechanical compressive and especially shear 
components of muscular fonc. This has compiomised the assessment of injury mechanisms and 
the formulation of optimal therapeutic exercise. 

Loads on the Low Back During Walking 

Thousands o flow -level loading cycles are endured by the spine everyday during walking While 
the sin all loads in the low back during walking suggest it is a safe and tolerable activity, clinicians 
have found that 'walking provides relief to some individuals but is painful toothers. Rvctinr wart. 
has suggested that walkinjr speed affects spine mechanics and may account for these individual 
differences. During walking, the compressive loads on the lumbar spine of approximately 2,5 
times body weight* together with the very inodesx shear forces+ are well below any known in 
vitro failure load (seu figure 5.5). Strolling reduces spine motion and produces almost static 
loadiuu, of tisHucfi, however, while faster walking with isnus swintjine;, liiuscs eyclic loading of 
tissues (Callaghan, Pathi, and McGill, 1 (see figure 5,6), Hi is change in motion may begin 
to explain the relief experienced by some. Arm swinging while walking faster, with all other 
factors control I ed n results in lower lumbar spine torques, muscle activity; and loading (see iiirure 
5,7), In fact, we have observed up to 10% reduction in spine loads from arm swinging in some 
individuals. This may he because swinging the arms facilitates efficient storage and recovery of 
elastic allergy, reducing the need for concentric muscle contraction and the upper body accel- 
erations associated with each step. Interestingly Kubo and colleagues (2006) reported higher 
ioi"so stiffness wifh faster walking, which would fUrther facilitate efficient energy recovery. Also 
interesting is the Fact that fast walking has been shown to be a positive cofactor in prevention 
of, and more successful recovery from, low back troubles (Nutier t 1988). 



CLINICAL ~\ 

EFirvANCF/ Fast Walking 



Fast walking is generally therapeutic (Nutter, 1 9.88). Several mcc him isms appear to account for this: 
ri^prrxal muscle activation and tissue load sharing, gentle motion, and reduced spine loads with 
energy conservancy from ami swing. In contrast, these benefits do not occur during slow walking 
or "mall strolling," which ^acerbates symptoms m many because of the static loading thai results. 
Finally, we have noted that people with a pained !>ack exemplify the typical pained general flexor 
response in that they often tend to swing the amis primarily about the elbows. This should be cor- 
rected to arm Stoffri'g about the shoulders to optimise \hv benefits of arm swing, 

Loads on the Low Back During Pushing and Pulling 

Our insights into the mechanics of pushing and pulling were obtained from our investigations 
originally intended to set occupational limits tor allowable safe bads (see Lett and McGill, 
2UU6). Both "novice* {w^nior university students) and "expert" (firefighters) pushers/pullers were 



relev^ce^ Pushing and Pulling — Technique Is Critical 



The lech ni que used in pushing and pulling is very dommanl in determining ihe load on the back. 
The magnitude of the hand forces is almost irrelevant until extremely high pushing and pulh'ng forces 
ire required Specifically; when hand forces are ciirettod through the low bade, they do not <wim i <j 
moment and in this way muscle forces are noi required to support a moment. For athletes like rugby 
players or strongmen competitors pulling a bus, Ihis same technique is used. Here the pushing or 
pulling force is driven as dose through [he feet as possible to enhance the foot grip together with 
ensuring minimal joint torque. 
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Figure 5.S Loads on the lumbar spine [normalized to body weight] during three speeds of walking and with norma! 
arm swing. Jhe curves are normalized for one stride (right heel contact to right heel com adj. raJ 1.4 -LS compression, (b) 
anterior-posterior shear forces, in which positive indicates anterior shear of I he superior vertebrae, (a lateral shear force in 
which positive indicates right shear or l he superior vertebrae. 

KtifH'Inted from tftofcvtf Biomechunks J \4 f f.F. CjI LigMn, A.L Jbrij, .ihd S_M. McGIJI r -Un,v Luck Ehree-eEuiKniluial |ninl forces, kinematics dtid Irtnwtks during 
walking." 205-210, 1 999. wilh perniFttion from Eiwvipf Sri™?. 



recruited^ The expert firefighters experienced much lower spine fijrecs. They cleverly used body 
mechanics with body lean to generate the driving force and to direct die hand forces through 
the low hack ? resulting- in very small tow back moments- The implication that, ulu-l again, 
the motion and motor patterns that the firefighters elected tf> use resulted in their superior 
performance an d safety. In this way the magnitude of the push/pull loads !>eeame much less 
important for the back. 'Ibchivique was Horn in ant! 

Loads on the Low Back During Sitting 

Nachernson (1966), using intradiscal pressure measurements, documented the higher toads on 
the discs in various fitting postures compared to the standing posture. Normal sitting causes 
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4 - 




Stride (%) 



Figu re I. nrn bar motion during ih ree speed* of walking for one norma I s ubject { norm a I ized lo RHC to RH Q ; foi I upibai 
flexion-extension in which extension is posiiive, {bilateral bend in which positive indicates bend to (he right ic) axial twis* 
in which po&ilive indicates the upper body twisting to the right. 

flevton in the lumbar spine, and people, if left alone T generally sit in a variety of Hexed postures 
f( lallaghan and xMcCrill> 2001 h). Sitting generally involves lower abdominal wall activity (particu- 
larly the deep at>dominal muscles) ctrtripariid to standing and generally higher extensor activity 
with unsupported sircing (set Callaghan, Patla, and McGilK 1999, for walking and t^allaghan 
and McQilL 2()()lb s tor fitting). Sitting slouched minimizes muscle activity, while sitting more 
upright requires higher activation of chc psoas and the extensors (Juker, AlcG ill > Knopf t and Stcf- 
fen, 1998). Fult flexion increases disc a tmulus stresses; this posture has produced disc herniations 
in rhe tah (e,g, s Wilder, Pope* and Frymoyer + i9H$). In fact, KeSsey {1975} discovered 3 specific 
link between proton u;cd sitting and the incidence of herniation. More upright sitting postures, 
and the coricom ita tit psoas an d other in usde activati on P i in pose add i i ional compressive load s on 
the spine. Changing lumbar postures causes a migration of the loads from one tissue Co another. 
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Figure 5 J Activation profiles {EMG sigr*a!5> from 14 torso rmi&des during three speeds of walking *ith nuim.i .i ■u^vintf 
find normalised to RHCto KMC. The muscle pairs are (RAj rectus abdominis, (EO} external oblique, CtO} internal ubEique, 
(LD) latissirrrus dursr, (TESj thoracic erector spinae, i.LESj lumbar erector spina*, and lMULTj rnultifidus. 
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Gallaghan andMeGil (2001b) suggested that no single ideal sitting posture exists; rather, a variable 
posture is recommended as a strategy to minimize the risk of tissue overload. For example, Snijdera 
and colleagues {2()()n) h&ft suggested that a "cross-legged* sitting posture stabilizes the sacra liac 
joints via passive tensioning of the iliolumbar liniment and piriformis muscle. 

Loads from Backpack Carriage 

Backpacks tome in various designs that affect low back loading. Generally if rough terrain is 
anticipated, the bad should be placed low in the pack to minimis the moment arm or distance 
ro the low hack. As the load is carried over rough ground it accelerates and deee!erates. The 
IikkI placed closer to the low back reduces the torso forces needed to move the backpack load. 
On the other hand If smooth ground is anticipated, carrying the load high in the pack, and over 
the fulcrum of the low hack and hips, requires smaller torso muscle forces — s.nrl lower lumbar 
spine loads result. 



CLINICAL \ n ■ I 

rhevancie / Backpack Carrying 

Now for the curious situation in which backpacks can reduce spine loads — and thus form one 
of our exercise-based therapy prescriptions. An individual who is flexion intolerant, and also has 
posterior discogenic hack pain exacerbated by prolonged sitting, generally has difficulty standing 
up. Upon standing, a forward torso angle (antalgic poslure) remains. If this type of individual can 
tolerate compression, we prescribe wearing a backpack with a bout JO kg (22 fb) placed low in the 
backpack {about the level of the lumbar spine) and going for a w;sll< oyer uneven ground. Wearing 
the backpack acts ip generate torso extensor moment, bringing the torso inio an upright posture. 
This alleviates the spine extensors, which were previously contracted in the standing, but ffexed, 
posture. Given their larger moment arm, this reduces the compressive load on the spine The com- 
predion reduction from the muscles shutting down fs larger than the extra compression from ihe 
additional load in the pack H resulting in a net reduction in total compression on the back. Walking 
over uneven ground provides gentle motion to the fumlxir spine, which is therapeutic to the type 
of discogenic person we are describing here. Typically the patient returns saying, "Thanks — that 
was amazing." Thus, while some have blamed backpacks as a source of back troubles r they can 
actually be used therapeutically, 

I recall a radio interview in which a chiropractor was claiming thai children carrying backpacks 
over one shoulder was a serious problem, and the interviewers phoned for my "on-air* comment, 
No doubt some children will experience troubles, but there is also a training opportunity here. If 
Mil: children wikv ro h shun \\v r - liccur " ■.. J h - i;m ilcni.i::-; '..\-.k ws ?i;k: heroine 1 lever j k k 
training! The issue of the training load versus the dangerous load hinges on some subtle modula- 
tors, i^rhaps the chiropractor was right — have the children carry their backpacks on both shoulders. 
But the technique of changing shoulders would have changed a perceived danger into training for 
belief heahh and performance. 



Loads on the Low Back During Various Exercises 

Because exercise is a crucial element of rehabilitation for low back problem^ it is crucial that 
you understand the loads you arc imposing oil your patient's back when you prescribe an exer- 
cise, Otherwise what was intended to bis therapeutic may become an exacerbating factor for her 
back troubles. Aiaste ring the in formation in tiiis section will increase your ability to tailor every 
exercise to each clients unique needs not only tit the outset of treatment, but at every stage of 
her progression toward better low back health. 

Loads on the Low Back During Flexion Exercises 

Very few studies (only our own that we are aware of) have quantified the tissue loading on the 
low back tissues during various types of tnrso flexion exercises, although some have measured 
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the EMG activity of selected muscles (e.g., Flint, 1965; Halpern and Bletk, 1979- Jette, Sidney, and Citutiu 
I 9H4) r This type of infronnurinn alone can provide insight into- relative muscle challenge hut it is restrictive for 

guiding exercise prescription decisions because 
die resultant spine loud is unkjmuu. Ik- unj in 
to challenge muscle at appropri ate level & but in 
a way that spares the spine, T&o many exercises 
arc prescribed for back sufferers that exceed the 
tolerance of their compromised tissues. In fact, I 
believe chat many commonly prescribed ties inn 
exereiitfs result in aa much spine compression that 
they wrl I ensure that the person remains a patient, 
Ft>r example s the traditional sit- up imposes 
approximately J 3 00 K (about 730 lb) of com- 
pression on the spine (Axfcr and Met! ill, t 0fl 7). 
(Figure 5,8 illustrates pMius and abdominal muscle 
activation levels in a variety of flexion tasks, 
while fimire 5.9" Ulus crates activation patterns 
with bent-knee sit-ups, and figure 5.10 illustrates 
activation pjttcrns with bent-knee irurl-upik) 
Note that muscle activation levels are expressed 
in mirmali/ftL units ('% MVC), TTifa means thai 
the activity is expressed as a percentage of what 
would be observed during a maximal voluntary 
contraction (MVC), thus quantifying activity in 
a physiological and Functional ton text Further, 
the spine is very Hexed during the period of this 
bad (McGill, 1 998). The National Institute for 
Occupational Safety and Health (NIOSH) (19&1) 
has set the action limit for low back compression 
at 3300 N; repetitive loading above this level is 
linked w\\U higher injury J'tiU-s U\ v^nrkcis, yet tills 
is imposed on the spine with each repetition of 
the sit-up I Table 5,7 shows the quantification of 
a variety' of push-up exercises. 

Many reconunend performing sit-ups with 
die knees bent, the theory being that the psoas is 
realigned to reduce compressive loading, or per- 
haps the psoas is shortened on the iength-^tension 
relationship so that the resulting forces are 
reduced- After examining both of these ideas, we 
found tbcin to be untenable. We recruited a group 
of women who were small enough to fit \mo a 
magnetic resonance irn aging (MRI) scanner. We 
placed each woman into the scanner and varied 
her knee arid hip angles whiie she was supine 
(Santa gnida and McGill., 1995), The psoas did 
not change its line of action > nor could it since it 
is attached to each vertebral body and transverse 
process (as the lumbar spine increases lordosis, 
the psoas follows this curve). The psoas does not 
change its role from a flexor to an extensor as a 
I unction of lordosis — this interpretation error 
occurred from models in which the psoas was 
represented as a straight-line puller. In tact, the 
psrms Jrjlfcms the lordotic curve as the lumbar 
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Figure S.B Activation of the psoas and the abdominal 
muscles in a variety of flexion tasks from a group of 
highly [rained suhjects itjve men *-ind throe women). 
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Figure 5.9 Activation-time histories of (lie same, subjects as in figure .S.a performing a heni-krccc: sit-up. Surface and 
indwelling electrodes Arc indfeated, 

spine flexes and extends, Further, it is true thai, the psoas is shortened with hip fiexton T but its 
aaiviuion level is higher during bent-knee sii-ups (Julxr, McGill, Kropf, and StefFen T 1999)* 
not lower as has been previously though r, 'This is because rhe hip flexion torque must come 
frum somewhere, and the shortened psoas must contract to higher levels of activation given 
its compromised length- Given that the sit-up imposes such a large compression load on 
the spine, regardless of the leg's being bent or straight, the issue is not which type of sit-up 
should be recommended. Rather sit-ups should not be performed at all by most people. Far 
better ways exist ro preserve rhe ahdominaS muscle challenge while imposing lower spine 
loads. Those who are training for health never need to perform a sir -up; rhnse training for 
performance may get better results liy judiciously incorporating them into their routine. 

White part IH of this book ("Low Back Rehabilitatioir) offers specific preferred exercises and 
challenges to specific muscles, a few flexion exercises will he reviewed here, First* hanging with 
the arms from an overhead bar and flexing the hips to raise the legs is often thought to impose, 
low spine loads because the body is hanging in tension — not compression. This is faulty logic. 
This hanging exercise generates well over IKK) N'ni of abdominal torque (Axler and McGill, 
I W7). This produces almost maximal abdominal activation, which in turn imposes compressive 
forces on the spine (see table 5.7). (Note: I lanidn^ with I writ knees resulted in higher average 
spine loads due to the imprecise technique employed by many subjects who allowed substantia! 
lumbar flexion. Further, few subjects were able to maintain form during the straight-leg hang. 
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Figure S.lfl Activation -time histories for the same group performing, curl-ups. 

Good hm is importa-m but requires substantial athletic ability.) Similar activation levels can be 
achieved wirh ihe side bridge (shown brer and discussed in detail) with lower spine toads. 

This haimg been stated, those who arc not interested in sparing their hack and are training 
with perfonn a nee objectives may benefit from rhe high psoas challenge, together with re ems 
abdominis and oblique activity. Clearly, the curl-up primarily targets the rectus (both upper 
and lowers and generally other exercises should be performed to train the obliques, Some- 
have suggested a twisting curl -up to engage the obliques, hut this results in a poor ratio of 
oblique rnusde challenge to spine compression compared to the side-bridge exercise {Axlcrand 
McGill, 1997) — making the side bridge a preferred exercise. 

Loads on the Low Back During Push-Up Exercises 

Many have recognized that many forms of spine stabilization exercise engage the abdominal 
hoop comprising rectus abdominis the internal and external obliques, and transverse abdominis 
in an isomeric contraction (McGill, 2 006 J, For this reason^ push-up exercises are sons comes 
used as i torso training exercise. Clinical observation confirms that perfonning push-ups elieits 
back pain in some patients yet others find push-ups relieving, in our quantification of push-up 
exercises, we examined styles ranging from traditional to placing die hands on labile surfaces 
(halls), staggered hand placement, tine armed push-ups, and so on (Freeman et al., 20l)fi). WhiJe 
performing push-ups with the hands on labile surfaces has some effect on spine load, the one- 
armed and more ballistic fonra of the exercise requiring the hand mo .move are much more spine 
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Tab le 5 . 7 Total Compressi on Wh 1 1 e 
Performing Different Styles of Push-Ups 
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demanding (see table 5. "8). Those interested 
in challenging the abdominal obliques and 
'Steering'' 1 the asymmetric force From stag- 
gered hand placement through the torso will 
be interesied in the quite modest increase in. 
spine compression demand. Not suqiri singly, 
die plyometric fonmofdie push-ups are much 
more muscula Hy demanding and therefore 
result in higher spine load. This may he a 
concern for those who may be found to be 
sensitive to spine compression during provoca- 
tive diagnostic testing Spinal loading [luring 
many fonns of the push-up is substantial. 
There is little wonder that these exercises are 
problematic for some painful hacks. On the 
other hand, they Tnay be very appropriate as 
an abdominal plyometric eserci.se for high- 
performance individuals. 

Loads on the Low Back 
During Extension Exercises 

As with the flexion exercises discussed in the 
previous paragraph, plenty of EA1C -based 
studies hi* ve explored extension exercises, but 
only one attempted to quantify the resulting 
tissue loads. Exercise prescriptions will not l^e 
successful if the spine loading is not constrained for bad backs. Using the virtual spine approach, 
Gallaghan, Gi inning, and McGill attempted to rant extension exercises' on the muscle 

challenge, the resultant spine load, and their optimal ratio. The key to preserving a therapeutic 
muscle activation Icrvel while minimi zing the spine load is to activate only one side of the s| ii ik- 
musculature at a Time. The musde anatomy section in chapter 4 describes! In km coon a I separa- 
tion of the thoracic and lumbar portions of the iongissimus and iliocostals. For the purposes of 
tliis discussion, we can think of the extensors in four sections — right and left thoracic portions 
and right and left lumbar portions, The common extension task of performing torso extension 
with the legs h raced and the cantilevered upper hotly extending ewer the end of a bench or 
Rr s] n an ufiair (fifjure 5.1 la) activates all four extensor groups and typically imposes over 4000 
N (about W-A) lb) of com|iir^inEi on ih<: spine. K.ven worse is the commonly prescribed back 
extension task in clinics, in which the patient lies prone and extends the legs and outstretched 
arms; this again activates ail four extensor sections but imposes up to 6000 N (over ] 300 lb) on 
a hyperextended spine (figure 5.1 ih) r This is not justifiable for any patient! 

Several variations of exercise technique can preserve activation in portions of the extensors 
and ^rcady spare the spine of high load. For example, kneeling on a IE fours and extending one leg at 
the hip generally activates one side of the lumbar extensors to over 20% of maximum and imposes 
only ?0(M) N of compression (figure S.l le}. Perftirming the bird dog, in which rhe opposite arm is 
extended at the shoulder while the leg is raised (figure 5.1 \d). atlds activity to one skle of the thoracic 
extensors (generally around 30-40% of maximum) and contains the spine load to about 3000 N", In 
addition, the special techniques shown for this exercise in chapter 12 attempt to enhance the motor 
control system to groove stabilizing patterns. I : or data describing these exercises, see table 5. A K 



Ad.ipied. I iv pyi i nlsskwi toper? S. hraenun, A. Karpowtti!, J. Cray, and S.M. McOIII, 
2006, "C^HfulfyinR muscle paiDon* and spine lodd during various forms, of the 



Dubious Lifting Mechanisms 

In the 1950s and l*f(A)s spine bEomechanists. faced a paradox. The simple .spine models of the 
day predicted that the spine would be crushed to the point of injury during certain lifting tasks, 
yet when people performed those tasks, they walked away uninjured. This motivated several 
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Table 5.8 Low Back Moment, Abdominal Muscle Activity, 

and Lumbar Compressive Load During Several Types of Abdominal Exercises 
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figure 5,11 Specific extension exercises quantified for muscle activation and the resultant sptrif: 
load <Rhnvvn in la hip v*?}: (ay trunk extension, fby prone ieg and trunk extension,, fcj single-leg exten- 
sion,, and id} jingle-leg and contralateral arm twrgn&ion third c\og\. 

research groups to theorize ahour mechanisms that could unload compressive stresses from the 
spam.- . Researchers proposed three major mechanisms: the i ntra-a bdom tnal pressure incch an ism, 
ibe lumbodorsal fascia mechanism, and the hydraulic amplifier. Although none has survived 
scrutiny,, clinical vestiges still remain. Nonetheless j. some components provided insight ihr 
sufiseouent study and led to the understanding: that we have today. For this reason they will be 
reviewed briefly here. 

Infra-Abdominal Pressure 

Docs incra-abtkiininjJ pressure (IAP) play an important role in the support uf the lumhar 
spine, especially during strenuous lifting, as has been claimed for many years? Anatomical 
accuracy in representation of the involved tissues has been influential in this debate. Further^ 
research on lifting mechanics has formed a cornerstone for the prescription of abdominal 
belts for industrial workers a nd has motivated the prescription of abdominal strengthening 
programs. Many researchers have advocated the use of IAP as a mechanism to directly reduce 
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Table 5,9 Mean Activation Levels (+ 1 SD) of 14 EMG Channels for 13 Subjects 
Performing a Variety of Extensor-Dominant Exercises (Expressed as a Percentage of MVC) 
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lumbar spine WMiipressiojl (Bearn^ Thomson, 19S8), However, soiine researchers believe ili.u 
the m!e of 1AP in reducing spinal heen tn-eniinpljasiizfid (Cirew, 1 Krag et il, t l^Brt). 

Anatomicat Consistency in Examining the Role 
of infra-Abdominal Prussurv 

Alorm. Lucas, antl Brcslcr (1961) first ofjeratifmalizcd the mechanics of the original prop<jsal 
into a model and descril)ed it as follows. Pressurizing the abdomen by closing the glottis and 
Inuring down during an exertion exerts hydraulic force down on the pelvic floor and upon the 
dbphragui. creating -a tensile effect over the lumbar spine or M least alleviarinjr some of the 
compression. Missing in the early calculations of this hydraulic potential was the full acknowl- 
edgment of the necessary abdominal acriviry (contracting the abdominal wall imposes extra 
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compression on the spine). But evaluation of the frade-ofFljetween the extra abdominat muscle 
compression and the hydraulic relief depended on the geometrical assumptions made. Some of 
diese ;isse i m prions appear to he wits Me of biological reality. In fact, experimental evidence sug- 
gests rhat somehow, in the process of building up IAR the net compressive Icwitf on the spine is 
increased! Kragand eo worker* ( 1986} observed increased low backEMG saetivity with increased 
[AH during uilnr.iar 1 . Vjbaba maneuvers, Nachenison and .Morris (I WA) and Naehemson< 
Andersson, and Sehultz (1^H6) showed an increase in inrradiscal pressure during a Valsalva 
maneuver, indicating a net increase in spine compression with an increase in I. -VP. presumably 
a result of abdominal wall musculature activity, 

in our own investigation, in which we used olu virtual spine models we n<ited that net spine 
compression was increased from the ncces^ai^ concomitant abdominal activity to increase IAP. 
Furthermore, the si?.e of the cross-sectional area of the diaphragm and the moment arm used 
m estimate force and moment at the lower lumbar levels, produced by IAP, have a major effect on 
conctubdons reached about the role of lAP(.\kCdl and Norman, l ( ^7j.Thc diaphragm surface area 
was taken as 24? cm 2 , and theoejitroid of this area was placed 3. S£ cm anterior to the center of the Tl 1 
disc (compare these values with those used in other studies: 5 1 L cm- for the pelvic floors 465 cm- for 
the diaphragm, and moment arm distances of up to 1 1 .4 cm T which is outside the chest in most 
people). During squat lifts, the net effect of the involvement of the abdominal musculature and 
LAP seems to he to increase compression rather than alleviate fninr load r (A detailed description 
and analysis of the forces arc in McGill and Norman t 1987.) This theoretical finding agrees 
with die experimental evidence of K rag and colleagues (19&6), who used EiVlG to evaluate the 
effect of reducing the need for the extensors to contract (rhey didn't), and of Nacbemson and 
cofleagues <1 Q 86), who documented increased intra discal pressure with an increase in IAP. 

Role of I AP During Lifting 

The generation of appreciable 1AP during load-handling ta^ta well documented. 1'be role 
of IAP is not, FarFan (1*973) suggested that I AP creates a pressurized visceral cavity to maintain 
the hooplike geometry of the abdominal muscles, fn recent work in which they measured the 
distance of the abdominal muscles to the spine (moment a mis), McGill, J uker, and Aider ( J 9^6) 
were unable to confirm substantial changes in abdominal geometry when activated in a standing 
posnure. However, the compression penalty of abdominal activity cannot be discounted. The 
spine appears to he well suited to sustain increased compression ioads if intrinsic stability is 
increased. An unstable spine buckles under extremely low compressive loads (e.g., approximately 
20 N, or about 5 lb) (Lucas and Bresler. !9tfl).Tfi£ geometry of the spina J musculature suggests 
rhat individual components exert lateral and anterior- posterior forces on the spine that can be 
thought of as guy wires on a mast to prevent bending and compressive buckling (Cholewieki 
and McGilJ, 1996). As well, activated abdominal muscles create a rigid cylinder of the trunk, 
resulting in a stiffer structure, ftecent!y r both Cholewicki and colleagues and Grenier 

asid colleagues (in press) documented increased torso stiffness during elevated IAP even when 
accounting for similar abdominal wall contraction levels. It also appears that IAP can influence 
pelvic mechanics and pain. Mens and colleagues (20()fa) noted higher pelvic ring forces with 
elevated IAP, which may stabilize some yet destabilize others — depending tin die nature of 
tissue compromise. The clinical solution for this divergence is to perforin provocative testing 
to reveal whether rhe patient's problem is helped or exacerbated, Thus, although the increased 
LAP commonly observed [luring lifting and in people experiencing back pain docs not have a 
direct role in reducing spinal compression or in adding to the extensor moment, it does stiffen 
the mink and prevent tissue strain or failure from buckling, 

Lumbodorsal Fascia 

Recent studies have attributed various mechanical roles to the lumbodorsal fascia (LDF)< In 
particular., some have suggested tu: che I IH reduces spine loads — solving the paradox united 
earlier. In ract T some have recommended liftin gp< is uuvs has^d on various i n.it rpreta t ions of the 
mechanics of the LDK &acovetsky, Fsrfsn, and Lamy (1 9ft I) originally suggested rhat lateral 
forces generated by internal oblique and transverse abdmiiinis arc transmitted to the LDF via 
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their attachments to the lateral border. Tliey also cfai mcd that the fa&cta could support substantial 
extensor moments. Further, lateral Tension from abdominal wall attachments was h j-potKesi z^ed 
En increase longitudinal tension from l J oissons effect, causing the posterior spinous processes 
10 move together resulting in lumbar extension. Tins sequence of events formed an attractive 
prnrw *\\uin because the LOb has the largest moment ami of at! extensor tissues, As a result, 
any extensor forces within the LDF would impose the smallest compressive penalty to vertebral 
components of the spine. 

Threeindependeiu studies, however, examined the mechanical role of the LDKand collectively 
questioned the idea that the LDFcnuld support substantial extensor moments (Alaem tosh and 
Botrduk, 1987; rVkCiil! and Norman, 1988; Tesh T Dunn, and Evans r 1987). As previously noted, 
regardless of the choice of LDV acovarjon strategy, the LDF contribution to the restorative 
extension moment was negligible compared with the much larger low hack reaction moment 
required to support a load in the hands, h$ Function may he that of an extensor muscle retinacu- 
lum (Bogd u k and Maei n tush „ i 9H4) r H ti kins, Aspden, and H ickey ( 1 WO) proposed on theoretica I 
grounds that the LDF' acts to increase the force per unit of cross~seeti onal area that muscle can 
produce by up to 10%. They suggested that this increase in force is achieved by constraining 
bulging of ihc miracle* ivhen i hey shorten. This contention rem aim to be proven. Tesh, Dunu n 
and Evans (1987) suggested chat rhe LDF may be important mr supporting lateral bending. 
Furthermore, there is no question that the LDF is involved in enhancing stability of the lumbar 
column. No doubt, complete assessment of these notions will be pursued in the future. 

Hydraulic Amplifier 

The Una J mechanism hypothesised to unload compressive stresses from the spine was the 
hydraulic amplifier. This hybrid mechanism depends on three notion*, Kirsi, the elevated IAP 
preserves the hooplifce geometry f if the abdominal wall during exertion. The IAP must also exert 
hydraulic pressure posteriorly over the spine and presumably through to the underside of the 
LDF. I : inally n as [he extensor muscle mass contracts! it was proposed tn ^hulk" upon sin tn^ning, 
again increasing the hydraulic pressure under the fascia. The biomechanieal attraction of the 
pressure under the fascia is that any longitudinal fortes generated in the fascia reduce the need 
for the underlying muscles co contribute extensor forces, thereby lowering the compressive load 
on the spine. Both of these proposals were dismissed 1 , Given the size of the faseia 1 hydraulic 

I'Tirin- nirr-LriEil l-i .hji 4-ri ■- I. ■ ■ ■ Ui I j ■ ■ ■ I ■- rvf li n n rli-i I ri I' ,.L I ]._ TJ _,. .... . .. L 1.L '. _i_ —jl _ . E . . . ,. ' -j— 4.; I _ - 

pressures would nave to reacn Levels or nunurcus ot iiunt itr^ rressurcs of tms majmituue snnpLy 
are not observed during recording (Carr ec al M Moreover, the presence or absence of 

IAI J makes little difference on the hoopliLu geometry of the abdominal wall (MeGill, J ilLl i", and 
Axlcr, Wo), as this is more tin ululated by the posture. 

IAP, LDF, and Hydraulic Amplifier: A Summary 

IAP, the mechanical role of the LDl\ and the existence of the hydraulic amplifier were proposed 
to account for the paradox that people were able to perform life that the simple models sug- 
gested would crush their spines. Yet T although both I A J 1 and the LDF appear to pby some role 
in lifting, none of the three proposed mechanisms was a tenable explanation tor the paradox of 
unerushed spines under heavy loading, whether considered separately or combined with the 
other cwo, The problem lay in the simple mode is of three and four decades ago. Not only were 
the rather complex mechanics not represented with the necessary detail^ but also the strength of 
the tissues to bear load was also quite underestimated in the early tests that used old cadavcric 
sampies that were crushed underneath artificially stiff rams of mate rials- testing machines that 
caused failure too early. 

Other Important Mechanisms 

of Normal Spine Mechanics 

Several other features of spine mechanics influence (unction and ultimately underpin strategies, 
for injury prevention and rehabilitation. The most important are presented here. 
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Biomechanics of Diurnal Spine Changes 

Most people have experienced the ease of taking off their socb at nigh compared to putting 
them on in the morning. The diurnal variation in spine length (the spine being longer after 

a nights bed rest}* together with the ability 
clinical \ . * to ferwardt has been well documented. 

RELEVANCE^ Early-Morning Exercise Re% IynelL and Troop (1084) measured 

losses in sitting height over a day of up to 
1 9 mm, f'k'\ <i I so noted that approximately 
54% of this loss occurred in the first JO min- 
utes after rising. Over tine course of a day, 
hydrostatic pressures cause a net outflow of 
fluid from the disci resulting in narrowing 
(if the space between the vertebrae, which 
in turn reduces tension in the ligaments. 
When a person lies down at nighti osmotic 
pressures in die disc nucleus exceed the hydrostatic pressure, causing the disc to expand. 
Adams* Dolan, and Hutton (1987) noted that the range of lumbar flexion increased by 5* to 
fi* throughout the day. The increased fluid content after rising from bed caused the lumbar 
spine to be more resistant to bending, while the musculature did not appear to compensate hy 
restricting the bending range. Adams and colleagues esti mated that disc- he riding stresses were 
increased by and ligament stresses by 80% in the morning compared to the evening- they 
concluded that there is an increased risk of injury to these tissues during bending forward early 
in the morning. Recently Snook and colleagues (f c >93) demonstrated that simply avoiding full 
lumbar flexion in the morning reduced back symptoms, We are beginning en understand the 
mechanism. 



People should not unfteftafce spine exer- 
cises — particularly those that require 
full spine flexion or bending— just after 
rising from bed, given the elevated tissue 
siresses thai result. This would hold true 
Jor any occupational task requiring fill I 
spine range of motion. 



Spinal Memory 

The function ofthe spine is modulated hy certain previous activity. This occurs because the load- 
ing history determines disc hydration (and therefore the size of die disc space and disc geometry), 
which in cum modulates ligament rest length, joint mobility, stiffness, and load distribution- 
Consider the following scenario; AicKenzie (1 97*)) proposed that the nucleus within the annulus 
migrates anteriorly during spinal extension and posteriorly duriimhWm, AkKcuaicS program 
of passive extension ofthe lumbar spine (w r hieh is currently popular in physical therapy) was 
baser] on the supposition that an anterior movement ofthe nucleus would decrease pressure on 
the posterior portions of die annuSus, which is the most problematic site of herniation, Because 
ofthe uhc<u<$ properties ofthe nuclear material p such repositioning of the nucleus is not immedi- 
ate after a postural change hut rather takes time. Kragand coworkers (,L"K7) observed anterior 
movement of the nucleus during lumbar extension, albeit quite minute, from an elaborate 
experiment that placed radio -opaque markers in the nucleus of cadaveric lumbar motion 
segments. Whether this observation was caused simply by a redistribution of the centroid 
of the wedge-shaped nuclear cavity moving forward with flexion or was a movement ofthe 
whole nucleus remains ED be seen, Nonetheless, hydraulic theory- would suggest lower bulging 
forces on the posterior annulus if the nuclear centmid moved anteriorly during extension. If 
compressive forces were applied to a disc in which the nuclear material was still posterior (as. in 
lifting immed lately after a prolonged period of flexion), a concentration of stress would occur 
on the posterior annul us. 

White this specific area of re sea it K needs more development* a tunc constant seems to he 
associated with the redistribution of nuclear material. H t his resLilt is correct, it would be unwise 
•n lih m object immediately following prolonged flexion, such as sitting or stooping (e,g. n a 
stooped gardener shoultl not stand erect and immediately lift a heavy object), Furthermore, 
Adams and 1 luttun (1988) suggested thsit prolonged full flexion may cause the posterior liga- 
ments to creep, which may allow damaging flexion postures to go unchecked if lordosis is not 
controlled durine: v : diM \\ junt lifts. In a study ofpositxior passive tissue creep during si rfinii in a 
slouched |M>sture, McGill and Browsi (1 902) showed that over the 2 minutes following 2Q min- 
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ftELE van c e / Fun ctiona I Sign ificance of Spinal Memo ry 

It would appear protective to avoid loading immediately afer a hour of prolonged flexion. In the. 
occupational world dm has relevance to ambulance drivers, for example, who drive loan accident 
scene without the luxury of time to- warm up for reset the passive tissues) before I i fling. They would 
be wisse to sit with a lumbar pad to avoid lumbar flexion and the associated creep, The athletic 
world provides good examples as well, such as sitting on the bench before engaging in play Those 
with sensitive backs would do well to avoid sitting on The bench with a flexed lumbar spine while 
waiting to perform. We recently quantified the loss of com pi fa nee Fft the lumbar spine with bench 
sitting between bouts of athletic performance (Green, Crenier, and McGill, 2002) in elite volleyball 
players. Viscosity is, a fso a consideration in prolonged postures since "internal friction" increases with 
prolonged static 3 insures, Sitting in this way and the associated changes in stiffness and viscosity, 
are detrimental to athletes' performance and increase (heir risk of injury. We wall address this issue 
more completely in chapter 13. 



utes of full flexion, subjects regained only half of their intervertebral joint stiffness. Even after 
30 minutes of rest, some rt-siJuiil joint laxity remained. This finding is of particular importance 
for imlmdi.uk uhcise work is characterised by cyclic knits of full end range of motion p*.astuires 
followed by exertion. Before lifting exertions following a stooped posture or after prolonged 
sitting, a Ca ^ c could foe made fur standing or even eon piously extending the spine for a short 
period. Allowing the nuclear material to "equilibrate/ or move anteriorly to a position associ- 
ated with normal lordosis, may decrease forces on the posterior nucleus in a subsequent lifting 
task. Ligaments will regain some protective stiffness during a short period of lumbar extension, 
lncortcltrfion, the anatomy and geometry of die spine are not static. Much research remains to 
be done to understand the importance of tissue loading history on subsequent biomechanics, 
rehabifitadon therapies, and injury mechanics. 

Anatomical Flexible Beam and Truss: 
Muscle Cocontraction and Spine Stability 

The osteohgamentous spine is somewhat of an anatomical paradox: It is a weight -hearing 
upright, flexible rod. Observational ly> the ability' of the joints of the lumbar spine to bend in 
any direction is accomplished with large amounts of muscle eoactivation. Such coactivation 
patterns are cou nte rprod active to generating rbe torque necessary ro support the applied load- 
Grjactivation is also counterproductive to minimize the load penalty imposed on the spine from 
muscle contract ion. Researchers have postulated several ideas to explain muscular officii vimoii; 
The abdominal muscles are invoked in the generation of JAP (Davis,. or in providing 

support forces to the lumbar spine via the LDF (Gracovetsky, Farfan^ and L-ainy, 1^81). These 
ideas have not been without opposition (see previous sections). 

Another explanation for muscular coarra vat ion is renable. A ligamentous spine will tail under 
compressive loading in a buckling mode, at aiiout 20 N (about 5 lb) (Lucas and Bresler, 1961), 
In other words;; a bare spine is unable to bear compressive loadf The spine can be likened to 
a flexible rod that will buckle under compressive loading, Hrjwever + if the rod has, guy wires 
connected to it, like the rigjn'ng on a ships mast, although more compression is ultimately 
experienced by the rod T it is abJe to bear much more compressive loud since it is stiffened 
and therefore more resistanr ro budding, The cocom ratting muscidauire of the lumbar spine 
(the flexible beam) can perform the role of stabilizing guy wires (the truss) to each luml)ar 
vertebra, bracing it against budding. Recent work by Criseo and Panjabi (1990), as well as by 
( JlnlewlcU ifciiil MA iill <1*W}, i ihoU-wu-U, Jiil.n ii, .:ml MA iill : 1 W l h .n::l < b-i r 1 1 n l s Vu ■; m/. 
Stokes^ and Laible (1 has begun to quantify the influence of muscle architecture and the 
necessary coactivation on lumbar spbie stability. The architecture of many torso muscles is 
especially suited for the role of stabilization (Macintosh and Hogduk, I 98 7; McGill and Norma n, 
mi). 
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Injury Mechanisms 



Many clinicians, engineers, and ergonomists Imj tsvtr that reducing the risk of low hack injury 
involves die reduction of applied loads to the various anatomical components at risk of injury. 
Without question, reduction of excessive loads is benefi- 
cial p but this is an overly simplistic: view. Optima I tissue 
heald^ requires an envelope of loading, nut too much or 
too litdfi. While some occupations require lower loads to 
reduce thti risk, m sedentary occupation* the risk can lie 
better reduced with more loading and varying the nature 
or" the loading. To decide which is best, the clinician must 
have j thorough understanding of the biomechanics of 
injury, which comes in two parts. First is a brief review 
of the injury mechanisms of individual tissues; second is 

a description of the injury pathogenesis and several injury' scenarios. A] so needed is an under- 
standing of generic situations ror low back tissue damage described in the tissue injury primer 
at the end of chapter I , 



Muscular Coco ntract ion 

In order to invoice the ar^ibudding ayid 
stabf I iz i ng media nism d uringl ifii ng. one- 
could justify lighdy eocon trading the 
musculature to minimize the potential of 
spine buckling,. 



Summary of Specific Tissue Injury Mechanisms 

This section provides a very brief description or" damage from excessive toad- .-VII injuries nosed 
are known to be accelerated with repetitive loading. 

■ End plrttes. Sehmorls nodes are thought to: be healed end -plate fractures (Vernon- 
Roberts and Pirie> ] 973) and pits that form from localized underlying trabecular bone collapse 
(Gunning, Csllaghan, and McGill, 2 EMU) and arc linked to trauma (Aggrawall et aL, 1979). In 
fact, Kornherir(19KH) documented (via MR]) traumatic SehmorFs node formation in a patient 
following forced fuinbar flexion that resulted in an injury. People apparently are not born with 
Schmorik nodes; their presence is associated with a more active lifestyle ■(Hardeastle, An near 
and Foster* tPGjv Under excessive compressive loading of spina! units in the laboratory, the 
end plate appears to lie the first structure to be injured (Brinckmann, Bi^emann, and Ililweg, 
I rafij Callaghan and McGill, 2001a), Studies have revealed end -place avulsion under excessive 
a nrerior- posterior shear loading. 

■ Ve i te ffrrtr. \ e rtebra I ca ncellous hi me is damaged u nder compressive loadi ug ( 1 : yh rie and 
Scha .filer, 1994) and often accompanies disc herniation and annular delaini nation (Gunning, 
Callaghan, and McGill, 2001), 

* Disc mtmtlm r Several types nf dam^c h> die disc annulus appear to occur. Classic disc 
herniation appears io be associated with repeated flexion morion with only moderate compressive 
loading required (Caliagban and AicGill, 2001 a) and with full flexion with lateral bending and 
twisting (Adams and Hurton, V*X5\ < iordon et al., Tingling arid AteGiil (1999a, IWb) 
documented avulsion of the lateral annulus under anterior- posterior shear loading. 

* Dim' nucleus* While B nek waiter when rufernng m fJic disc nucleus* stated 
that "no other musculoskeletal soft tissue structure undergoes more dramatic alterations with 
age/ the relationships among loading, disc nutrition, decreasing concentration of viable cells, 
accumulation of degraded matrix molecules, ami rarijrue failure oJ rhu matrix rum a in obscure. 
However, recently Lotz and Chin (2000) documented that cell death (apoptosis) within the 
nucleus increases under excessive compressive toad, Interestingly, these changes are generally 
not detectable or diagnosable in vivo, 

* Nemal arcb (p&sfgriw hotty clewtwits). Spondylitic fractures are thought to occur from 
repeated stress-strain reversals associated with cyclic full flexion and extension (Burnett et gL, 
1 Hardeastle, Annear, and Foster, 1 .992). Cripton and colleagues (1995) and singling and 
iMeGill(lWa) atsu documented that excessive shear forces can fracture parts of the arch. 

■ Ligaments* Ligaments seem to avu Ise at lower I oad rates bu t tea r i n their in idsubstanee at 
higher load rates (Noyes^ De-Lucas, andlorvtl^ 1994). McGi 11 (1997) hypothesized that landing 
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aLLb!^Nc£/ Reducing Tissue Damage 

Summarizing injury pathways iVom in vitro [Luting, evidence suggests Chat reduction in specific 
l issue damage could be accomplished by doing ihe following: 

■ Reducing peak (and cumulative) spf ne compressive loads [o reduce [he risk of end-plate 
fracture 

• Reduci ng repeated spi ne mot io n to ful I Hex io n to reduce the risk of d isc her n Sal i on (reduc- 
ing spine flexion in the morning reduces symptoms) 

■ Reducing repeated ful l-range tfcxion to full -range extension to reduce the risk of pars (or 
neural arch) fracture 

» Reducing peak and cumulative shear forces to reduce the risk of facet and neural arch 
damage and painful discs, 

* Reducing $fips and falls io reduce the risk to passive collagenous tissues such as liga- 
ments 

■ Reducing the length of time sitting, particularly exposure to seated vibration, to reduce 
the risk of disc herniation or accelerated degeneration 

on the buttocks from -a fell will rupture the interspinous complex given rhe documented forces 
(AlcCiilt and Callaghan^ I W>) and joint tolerance. Falling on the behind increases the risk for 
prolonged disability (Troup, Martin, and Lloyd, 1931), which is consistent with the prolonged 
length of time it takes for ligamentous tissue 'to regain structural integrity when compared with 
other tissues (Woo t Gomez> and Alceson, 

Injury Mechanics Involving the Lumbar Mechanism 

Mmy researchers have established that too great a load placed on a tissue will result in injury. 
Epidemiological studies (HilkLi er al., 1990; Manas etab., 1. 993 5 Norman etal- n I Vidleman, 
Nurminen, and Tronic 1991)) have proven this notion hy identifying peak loading measures {i.e., 
shear, compression, trunk velocity, extensor moment, heavy wort, etc.) a^ factors dtat explain 
the frequency and distribution of reporting of back pain or increased hsk of hack injury, How- 
ever,, the search For direct evidence that links spine load with occupational low" hack disorders 
(LBDs) may have been hampered by fbciisin^on too narrow a range of variables-. Researchers 
have paid a massive amount of attention, for example, to a single variable— namely, acute, or 
single maximum exposure to, lumbar compression, A few studies have suggested that higher 
levels of compression exposure increased the risk of LBD {e.g., Ilerrin et aL, 1986), although 
[he correlation was low, Yet some studies show that higher rates ol f LBDs occur when levels of 
lumbar compression are reasonably low. 

In contrast, Iladltr (1991) claimed that the incidence of 'buck injury bad not declined over 
the past 25 years, even after increased research and resources had been dedicated to the area 
over that rime frame. Jladlcr suggested thai the focus be turned from biomechanics] causes of 
inpury to developing more '"comfortable" workplaces. However, the research described thus h.ir 
in this text has clearly documenied Jinks 10 mechanical variables, Clearly, LBD causality is often 
extremely complex with all sorts of factors interacting. We will consider some of those factors 
in the following sections. 

Staying Within the "Biomechanieal Envelope" 

Work to understand the risk of back injury in occupational contests has had carryover for train- 
ing, For example, many researchers have established chat too great a load placet Eon a tissue will 
result in injury. Epidemiological studies on workers (ITilkka et al., 1990; Marras ct al., 1993; 
Norman et aL 199$; Videman et aL 1990) have proven [his notion by identifying peak loading 
measures ("i.e., shear, compression h trunk velocity^ extensor momenE> heavy work, etc.) as factors 



Copyrighted Material 



Copyrighted Material 



Low Back Dis orders 



that explain the frequency and distribution of reporting of back pain or increased risk of back 
injury, What orher mechanical variables modulate the risk of LBDs? As noted in chapter 1, 
they are as follows: 

■ Too many repetitions of force and motion or prolonged postures and loads have also 
been indicated as potential injury- or pain-causing: mechanisms. 

■ Cumulative loading (i.e., men predion, shear, or extensor moment) has been identified 
as a factor in the reporting of hack pain {Kumar, L990; Norman ct al., 199^ 

• Cumulative exposure to unchanging work has been linked to reporting of \xffl back pain 
(Holmes etaL tMj) and intervertebral disc iniurv (VitLinian et al., 1990). 

* Many persona i factors appca r to affect spi tie tissue tolerance, for cxa m pie, age and gend er a 
[n .i compilation of the nvoilahle literauire on [lie lolerance of lumbar morion units to bear 
compressive load, jager and coJleacrues [190 J) noted that when males and females arc matched 
for age n females arc able to sustain only approximately two-thirds of the compressive loads of 
males, Furibemiorejager and colleagues' data showed that within agivyii gender, a oO-yearold 
uas jIjIc ro roleras^ onh .lboutnvo ihirdsofrJu load !■ ik-m^-i ^ .i 1\\ yi-w *iUl I hcv; data ;in 
helpful in determining the optimal training loads. 

To complicate the picture, Holm and Nachemson (IflKi) showed that increased levels of 
motion arc beneficial in providing nutrition to the structures of the intervertebral disc, while 
much of our hh\ research has demonstrated that too many motion cycles (to frill Serin) resulted 
in intervertebral disc herniation. Biiekwalrer(] W5) associated intervertebral disc degeneration 
with decreased nutrition. Meanwhile, Videman and colleagues (J WO) showed that too little 
motion from sedentary work resulted in intervertebral disc injury. White workers who performed 
heavy work were also at increased risk of developing; back trouble^ workers who were involved 
in varied rj-pes of work (mixed work) had the lowest risk of developing a spine injury (Vide mail 
et al. T 1°9Q), Tliis presents the idea that too little motion or load, or too ninth motion or load, 
can modulate the risk of spinal injury. 

A simple experiment can be revealing. A number of years ago we asked a group of athletes 
to stand with a barbell on their shoulders. We were measuring spinal microshrinkage. Then we 
asked them to roll their pelvis anteriorly and posteriorly to impart some gentle morion ro the 
lumbar region (see figure 5.12), They remained standing upright. We had to stop the experiment 
due to the pain reported by the first few subjects. Training spine motion under load requires 
caution. No specific guidelines, exist for determining training loads— nor can such guidelines 
exist for each individual The point is that these notions are acknow ledged and considered on 
an individual basis. 

Sfortp Versus Squat in Lifting tnjury Risk 

While the scienrifje merhod can prove that a phenomenon is possible if observed, failure in 
observe the expected result does not eliminate the possibility- One may only conclude that the 
experiinent was insensitive to the particular phenomenon. The fallowing discussion, as wldi many 
in this hook, is an attempt to incorporate this limitation and temper if with clinical wisdom. 

In a previous section, lifting with the torso flexing about the hips rather than flexing the spine 
was analyzed and described. Specifically, the lifter elected to maintain a neutral lumbar posture 
rather than allowing the lumbar region to flex. Here we will reexamine rhe lifting exercise, 
but the lifter flexes the spine sufficiently ro cause the posterior ligaments to strain. This lifting 
strategy (spine flexion) has quite dramatic effects on shear loading of the intervertebral column 
and the resdtanc injury list The dominant direction of the parslurnborum fibers of ihe longis- 
simus thoracis and iliocostal is lumhorum muscles when the lumbar spine remained in neutral 
lordosis caused these muscles to produce a posterior sEiear Force on the superior vertebra. In 
con imsl, with spine flexion, the strained interspiiious ligament complex generates forces with 
the opposite obliquity and therefore imposes an anterior shear force on the superior vertebra 
(see figures 5,13 and 5. 1 4 t ti-b). 

Let's examine the specific forces that result from flexing the lumbar spine. The recruited 
ligaments appear to contribute to the anterior shear force so that shear force levels are likely to 
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Figure 5.12 Standing with a bar on she shoulders and {j) cyclically flexing and {b) extending the 
lumbar spine is painful and disarming — prooi' that I raining the loaded spine through a ran^e of 
motion requires extreme caution. 



relevance/ Putting Knowledge Into Practice 

While thr notion ttiaf trio much of any activity (whether i be Sifting at £i desk or loading ht\ivy 
boxes oam pallets) can be harmful is widely accepted, it is rarely taken I rift) account in practice. 
For example, industrial ergonomics has not yet wholeheartedly embraced the idea that noL ail 
jobs need to be made less demanding, that some jobs need much more variety En the patterns of 
musculoskeletal loading, or mat there is, no such thing as "best posture" for .sitting. It \$ time for the 
profession as a whole to remember that in any job, the order and type of loading should be con- 
■- ilr-red and the demand on tissues should be varied, AH sedentary workers should lyc taught for 
example, to adopt a variable posture that causes a migration of bad from tissue to tissue, reducing 
the risk of troubles. 



exceed 1000 N (224 lb). Such large shear forces are of great cor>ceru from an injury risk view- 
point. However, when a more neutral lordotic posture is adopted, ihe extensor musculature is 
responsible for creating the extensor moment and at the ^ame rime provides a posterior shear 
force that supports the anterior shearing action of gravity on the up\wr body unci handheld load. 
The joint shear forces are reduced to about 200 N (about 45 lb), Thus, using muscle to support 
the moment in a more neutral posture* rather than being fully flexed with ligaments supporting 
the moment, greatly reduces sliL-ar lixulinu; fseu la hie 5. H)). 

QuaiuififJdon of the risk of injury requires a comparison of the applied load to the toler- 
ance of the tissue. Cripton and colleague* (1995) found the shear tolerance of the spine to he 
in the neighborhood of 2 M0 to 2800 N in adult cadavers, for one-time loading Retent work 
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by Yingling and McGill (lWa and 1999b) on 
pig spines lias shown ihac load me is not a major 
mod iilaror of shear tolerance unless the load is very 
ballistic:, such as what mijrht occur duringa slip and 
fall. This example demonstrates that the spine is at 
much greater risk of sustaining shear injury (> I OCX] 
N applied tti the joint) (224 Ih) than compressive 
iniury (3000 N applied to die joint) (612 lb) simply 
because rbe spSne is ftiHy flexed, (For a more compre- 
hensive discussion, sec McGill, I W 7.) The margin 
of safety is much larger in the compressive mode 
than in the shear mode since the spine can safely 
tolerate w r ell over If I kN in compression but l()(K) 
N of shear causes injury with cyclic loading. This 
example also illustrates ibe need for clinicians and 
ergonomists to consider other loading modes in 
uddirion to simple compression. In this exam pie the 
real risk is anterior-posterior shear load, f n teres t- 
ingly, Norrnan antt colleagues' 1998 study showed 
joint shear to iie very important as a metric for risk 
of injury of mio plant workers, particularly cmiiuEativte shear (high repetitions of subfailure 
shear loads) over a workday. 

Yet another consideration impin^s on the interpretation of injury risk. The ability of the 
spine to bear load is a function of the curvature of the spine in vivo. For example, Adams and 




Figure 5,13 This gardener appears io !>e adopting^ 
fully flexed lumbar spine, fa thiswise postured The force 

.in ih, ,'v, I ' j.i ii i.' 1.11 -.V:^c^S il iv nol 





Figure 5-14 fhepa origins I com ptitw i mage hi rma ps from \ lie ex peri rnem conduced a rou nd 1 9d7 
illustrate fa, 1 I he fully flexed spine [hat is associafed wish myoelectric silence in The back extensors 
and strained posterior passive tissues, and hif*h shearing forces on The lumbar spine tfrom both reac- 
tion shear on the upper body and interspinous ligament strain. \h) A more neutral spine posJure 
recruits the pars lumhorum muscle groups and aligns the libers to support the shr^ir forces <see 
figure 4.27), In 1 his example, pQtfure a resulted in "MlQON of shear load on the lumbar spine while 
poslun? n reduced the- shear [and to aboul 

ffirnrllirM fiom kxi/riMi i>iti\afTi**-tiAfiii:±, 1IJ1.SL S..VV .VkCiill, Ifrvlced p^XT. Kio*ni-chjnkS.ur knv Ij.w k injury: Imfal idlliHia CM CufltiNE 
put-Nee- jnri ihe cllrviL.. 4t5-47£, 11197. wlch p^fmi^skin frtkn bbevkir Setae i-. 
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r^^^l/^ Stoop Versus Squat 



Much has been written on the- stoop style versus the squat style of lifting. Typically, conclusions were 
based on very ssmple analyses that measured only the low back momen-L The reaction moment is a 
function of the size and position of the bad in the bands and [he portion of the center of mass of the- 
upper body. As the previous example demonsttaflkfe the issue is actually much more complex— the 
lumbar spine curvature determines the sharing of the load between the muscles and the passive tis- 
sues, in addition, each individual elects the way in which agonists and antagonists are coactivatcol 
Thus, the spine kinematic motion patterns, together with the muscle activation patterns, heavily 
influence the resulting spine load and the ability of [he spine to bear load without damage. The risk 
of injury is the real issue that motivated most of these types of anaJyses r yet it was not addressed 
with sufficient detail to bid to 3 correct conclusion, 



colleagues (1994) suggested that a hilly flexed spine is weaker than one that is moderately 
flexed, In a recent study, Gu&triilg", Callaghan, and McGit! {20(H) showed that a Fully flexed 
spine (using a controlled porcine spine model) is. 20% to 40% weaker than if it were in a 
neutral posture. 

Motor Control Errors and Picking Up Pencils 

Although clinicians often hear patients report injuries from seemingly benign tasks (such 
as picking up a pencil from the floor), this phenomenon will not be found in the scientific 
literature. Because such an injury would not he deemed compensable in many jurisdictions, 
r nccliCLil personnel i-.uvK rumrd u : i> Lv ■ >■_■ i:I 'jv-nr. ln-.iL-.ul they all n 1ml;; ihu lml;-^- lU.-^Iiltc. 
Moreover, while injury from large exertions is understandable, explaining injury chat occurs 
during performance of such light rasLs, is in it. The following 1 is worth considering. 

A number of years ago, using video fluoroscopy for a sagittal view of the lumbar spine, 
we investigated the mechanics of powerl liters 1 spines while they lifted extremely hwy loads 
(Cholewicki and McGilK 1992), The range of motion of the lifters' spines was calibrated and 
normaJized to full flexion hy first asking them to flex at the waist and support the upper body 
against gravity with no load in the hands. During the lifts\ a S though the lifters appeared 
outwardly to have a very Hexed spine, in fact the lumbar joints were 1° to 3* per joini from 
hill flexion (see figures 5.1 5 and >.16]. This explains how they could lift such magnificent loads 
(up to 210 kg, or approxintatcly 462 lb) without sustaining the injuries ihnr ,nv -a^pccti'd m Ik.- 
:irLil '.villi li.l ii.mhar lie a ion. 

However, during the execution of a lift 1 one lifter reported tuscomiort and pain. Examination 
of the video fluoroscopy records showed that one of the lumbar joints (specifically, the L2-L3 
joint) reached the full-flexion calibrated angle while all other joints maintained their static 
position short r if full flexion/. L hi - spine buckled and caused injury (see figure S.I 7). This 
is the first observation we know of reported in the scientific literature documenting propor- 
tionately more rotation occurring at a single lumbar joint; this unique occurrence appears to 
have been due to an inappropriate sequencing of muscle forces (or a temporary' loss of motor 
control wisdom). This motivated the work of my colleague and former graduate student Profes- 
sor Jaeek Cholewicki co investigate and continuously quantify the stability of the lumbar spine 
[hmnghoui a v\'n\v v ;«rk ! n oi touting tasks {CSofeuieJa m\\ YU( ■ l I J . I '■"•'•'•.j. ( k:\u ralK s> .i k i j i, 
the occurrence of a motor control error that results in a temporary reduction in activation to 
one of the intersegmental muscles (perhaps, for example, a lamina of longis&imus, iliocostal!^ or 
multifidus) may allow rotation at jusr a single joint to the point at which passive or other tissues 
could l>eeome irritated or injured. 

Cholewicki noted that the risk of such an event was greatest when high forces were developed 
by the large muscles and tow forces by the smalt intersegmental muscles (a possibility with our 
power] ifters), or when all muscle forces were low such as during a low- lev el exertion. Thus, 
injury from quite low-intensity bending is possible. Adams and Dolan 0 W) noted that passive 
tissues begin to experience damage with bending nn gnents of 60 Nm, This can occur simply from 
a temporary loss of muscular sup|xirt during bending over. This mechanism of motor control 
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Table 5.10 Individual Muscle and Passive Tissue Forces During Full Flexion and in a 
More Neutral Lumbar Posture Demonstrating the Shift from Muscle to Passive Tissue 



The extensor moment with full Jurnbar flexion was 1 71 Nni producing 3145 N ol compression and 954 N of anterior shear The 
itiu-ne fi&&jtirtf I pcstureid" 1 7ft Nm. produced 3490 M of contpnsss ion and 269 is* oi shear, 





Fully flexed 
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error resulting in temporary m appropriate neural activation explains bow injury mi^ht <>ecur 
during extremely low -load situations, for example, picking up a pencil from the floor following 
a long day it work performing a very demanding job. 

Sources of Motor Control Errors 

One must consider another issue when dealing with the possibility of buckling that results from 
sfujcific motor control errors. In our clinical testing we observed similarly inappropriate motxjr 
pauerra in some men who were challenged by holding a load in the hands while breathing 
10% Ct) T to elevate breathing. {Challenged breathing causes some of ihe spine* supporting 
musculature to drop to inappropriately low levels in some people; see AicCill h Sharratt, 
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F tgurc 5,15 A gro up of powerliffers 3 i rted 
very heavy weighrs while their lumbar 
vertebrae motion pasterns were quantified. 
Each jornt was skillfully controlled to flex 
but not fully rlex„ Each joint was 2" to J D 
away from the fully llexed, calibrated angle 
I see figure 5 JkJ. 




Figure 5. 1 b This fluoroscopy i mage of the power- 
lifter's lumbar spine shows how individual lumbar 
join! motion can be quantified in vivo. While 
recording, an injury occurred in one lifter when 
the vertebra aE jusl one joint went to its full-fEexion 
angle and surpassed it by abour one-half decree. 






figure S.I 7 fa; The powerJitter flexed to grab me weight bar and \b) began to extend the spine during the EiFl. t.c) As Erie 
weight was a few inches from the floor, a single joint (LiMJj flexed to the full-flexion angle, and the spine buckled, indi- 
cated by the arrow. 



and Scguin, These deficient motor control mechanisms will heighten uioniL-cbameal 

susceptibility to injury or reinjury (Cholewicfci and McGill, 19%). My lab is currently involved 
i n a t ,i \ \r t c -ii ;i L- l-r m gift i l I i n a t i nvesrig atinn tf > assess the |iowe r of these motor control psnrimerers. 
together with some personal performanee variables and their rule in causing baek injury over 
a imiltiyear period. 
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Sacroiliac Pain— Is tt From the Joint? 

Bogdukandm!league*.(lW>) proved that some tow hack pain is from the sacroiliac joint itself. 
The following discussion offers other tonsideJatioils. Tht work that many have reported Over 
recent years has demonstrated the extraordinary magnitudes of forces within the torso exten- 
sor musculature even during nonstrenuous tasks. White these forces have been interpreted for 
their mechanical role, clinicians have expressed interest in their potential to cause injury. One 
possibility worth considering is that the high muscular forces may damage the bony attachments 
of the corresponding muscle tensions. Such damage has perhaps been wrongfully attributed ie 
alternate mechanisms. One example follows. 

Pain in die sacroiliac region is common and often attributed to disorders of the sacroiliac 
(SD joint itself or rhe iliolumbar ligament. For this reason., the role of the musculature may 
have been neglected. It is know r n that a large proportion of the extensor musculature obtains 
iL4 origin in the SI and posterior-superior iliac spine {PSJSJ region (flogduk, 1980). The area of 
tendon-pe ri nsreum attachnieni and evtensor aponeurosis is relatively small in relation to the 
volume of muscle in series with the tendon complex. From this, a hypothesis evolved that the 
seeming mismatch of large muscle tissue tu sin id] attachment area fur connective tissue places 
the connective tissue at high risk of sustaining micro failure, resulting in pain (McGill, 
Knowledge of fhc collective muscle force-time histories enahtes specul id'on about one-time 
Failure loads and cumulative trauma. For example, if the forces of muscles that originate in 
the SI region are tallied For the trial illustrated in table ^ .4 (pages then rhe total force 

transmitted to the SI region during peak load would exceed 5.6 kK Such a load would lift a 
small car off the ground! 

The failure tolerance of chese connective tissues is not known T which, makes speculation 
over the potential for microfaiture difficult. No doubt the risk of damage must increase with 
the increase in the extremely large loads obsened in the extensor musculature and with the 
frequency of application. Industrial tasJks comparable to filling ihree containers in excess of 
1H kg (40 lb) per minute over an H-hour [Jay are not unusual, suggesting that the ]>r>tential tor 
cumulative trauma is siimJficant. 

Thin itiechiUiial pbiui i<m \iu\ ULCtmni tin hic.tl U-ndei Hf.ss mi pjlpimn ;i^m i : iieil v. iih 
many of the SI syndrome cases. As well, nm^'K- strain and spasm often accompany SI pain. 
Nonetheless^ treatment is often directed toward the articular joint despite the extreme diffi- 
culty in diagnosing the joint as the primary source of pain. "While reduction of spasm through 
conventional techniques u r ould red nee the sustained laid on the damaged connective fihers^ 
patients should be counseled on techniques to reduce internal muscle loads thrtnigh effective 
lifting mechanics. This is a single example, of which there may be several, in which knowledge 
pf individual muscle force-time histories would suggest a mechanism tor injury for which a 
specific — and possibly atypical — treatment modality could be prescribed. 

Bed Rest and Back Pain 

While bed rest has fallen from fiavor as therapy, given the generally poor patient outcome, the 
mechanism tor poor outcome is just now starting to he understood. Bed rest reduces the applied 
load (hydrostatic) below the disc osmotic pressure, resulting in a net inflow of fluid (AtcGill, van 
Wsjk et at., 1996), Metiill and Axler (1996) documented the growth in spine length over the 
usual H hours of bed rest and then over continued bed rest for another i 2 hcrenrs r This is unusual 
sustained pressure and is suspected to cause backache. Oganov and colleagues (1 Wl) liuc-Lunentcd 
increased mineral density in the vertebrae following prolonged space travel (weightlessness); 
this finding is notable because other hones losl mineral density. It indicates chat the spine was 
stimulated to lay down hone in response to higher loads^ in this case h the higher load was due 
to the swollen d I iin.-lny i L-:irlfi is inuvin hed for fierrruK Ii^jlt Linn I-.-: iui-. — it 
actually stresses the spine! 

Bending and Other Spine Motion 

While some researchers have produced disc herniations under controlled conditions (e.g.. Gordon 
et alj Callaghan md McGill (2 001 a) have been able to consistendy produce disc heruia- 
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lion s 1 iy n hi nick i i ^ 1 1 1 e ^[ >s n-L- n >tis,m a nd load 
Moderation in All Things patterns seen in worker, Specifically, only a 



CLINICAL \ 
HbLLVANCL /_ 



very modest amount of spine compression 
The phrase "moderation in alt things" jjbraeseems to be neq u iretl (bill v 800 1 000 N. 
appears to encapsulate a lot of spine w m ^2i) R& hut the spine specimen must 
bWTtechamc*! wiMkrni; varying U.»d- b( , rapBatef | lv flexed> miin j ck i nf , ™| 
ing through cor^ianj change in activity ^f^^^n^^ini.JrcmK^dnuslbeiidt^to 
is justifiable. Obviously, overload is ( ft|!lv flwed e _ |n ^ 
problemat.c r but the previous example we (1 ^ cliraeflted the pnitFressive aac K nf , (> f 
ihcro that even lying in bed loo long is ^ teriorlv 
problematic-n increases annulus, end- (b h ^ of [he djsc wjd| fijld 

plate, and vertebral stress! sequestration of the nucleus material. This 

was noted to occur around 1H,000 to 25..0M 
cycles of flexion with low levels of spine compression (about KMHl Ff, or 220 lb), but it would 
Occur with much fewer cycles of hemling with higher simultaneous compressive loads (about 
5000 cycles with 3000 K\ or 670 IK of eompression). Most interesting was the fact that the 
tracking of nuclear material began from the inside and slowly worked radially outward, sug- 
gesting tli at, had rhis been 3 Living worker, there may have been la ttie indication of cumulative 
damage until the cuEiuinatinjr event. 

Confusion Over Twisting 

While twisting has heen named in several smdies as a risk factor for low back injury; the literature 
does not make the distinction between the kinematic variable of twisting and the kinetic variable 
of generating twisting torque. While many epidemiological surveillance studies link a. higher risk 
of LBD with twisting > twisting with low rwist mom enr demands results in tower muscle activity 
and lower spine load (McGiH, l^Ql), Further,, passive tissue loading is not substantial until the 
end of die twist range of motion (Duncan and Ahmed, However, developing twisting 
moment places very targe compressive loads on the spine because of the enormous coactivation 
of the spine musculature (MeGilL 1991), This can also occur when the spine is not twisted hut 
in a neutral posture in which the ability to tolerate loads is higher. Either single variable (the 
kinematic act of twisting or generating the kinetic variable of twist torque while not twisting) 
seems less dangerous than epidemiological surveys suggest. However, elevated risk from very 
high tissue loadin.gr may occur when the spine is fully twisted and diere is a need to generate 
high twisting torque (McGill* IV91), Several studies + then, have suggested that compression on 
the lumbar spine is not the sole risk factor, Both lalioratory tissue tests and field surveillance 
suggest that shear loading of the spine, together with large twists coupled with twisting torque, 
increases the risk of tissue injury, 



RFifl^NrF^ Repeated Spine Flexion and Bending 



While much economic effort has bet?n devoted Eo reducing spine? loads,, it is becoming dearer 
that repeated spine flexion — evert in the absence of rrwxJerate load will Se-td ro dist^'nk 
troubles.. Furthermore, recent evidence shows thaf the direction of the tending will determine 
the Eocation of The annulus damage (Aultman et ah, 2WB). Ergonomic guidelines will be 
mone effective once fectors for flexion repetition and direction are included, 



ts Viral Involvement Possible in Low Sack Pain? 

Research has suggested that the incidence of some niu^ukrikelcial disorders of die upper estrem- 
iry b elevated following exposure to a viral infection, Could viral infections also be responsible 
for LBDs? While this scenario is possible in individual eases, it could only account for some. 
Since animal model studies use aitinuls that are screened For disease, with only approved speci- 
mens being selected for iesting T controlled mechanical loading would seem to account for the 
significant findings. Viral infections have heen linked to an increased prohahility of developing 
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such diseases as caqjal tunnel syndrom e or arthritis (Mody and Cassim h 1997; Phiflipji f ] W7; 
Samii et al, 1996), However p Rossignol and colleagues (1997) found that work-related factors 
accounted (hr the majority of the causes influencing development carpal runnel syndrome. Future 
research should examine the links between viral infections leading to spinal tissue defeneration 
and low bad: injury etiology. They seem to be involved in some select cases. 

Sciatic Symptoms 

Sciatica can be caused by tension of the sciaLic nerve, or of the lumbar nerve roots, or within 
rhe cauda equina, it also can Ikj caused by pinching at numerous locations along its lengrh or 
by irritation by rough surfaces such as arthritic bone or extruded disc material. The symptoms 
range from radiating pain 10 sensations in the I eg or foot. Back pain may or may not be present. 
Tragically; case? of toot pain + ankle pain N or leg pain caused by lumbar nerve compromise 
arc often stretched for therapy in the belief that muscle tightness rather than neural tension 
is the culprit. This just keep* the nerve angry. We take two approaches, First, spine-sparing 
morions are adopted to avoid end range of motion and associated nerve tension and to reduce 
possible disc bulging. The second approach involves nerve flossing (nerve flossing technique 
together with qualifying tests for patient selection are explained in the third section of this book 
on page 2 1 6), 

Section Summary 

From this description of injury mechanisms with several modulating factors, it is clear that 
multifactorial links exist. Interpretation of these links will enhance injury prevention and reha- 
bilitation efforts-. In fact effective interventions will not occur without an understanding of how 
rhc spine works and how it becomes injured. 

Biomechanical 

and Physiological Changes Following Injury 

While fhe foundation for good clinical practice requires an understanding of the mechanism 
for injury, an understanding of the lingering consequences is also helpful. 

Tissue Damage Pathogenesis, Rain, and Performance 

Many discuss spine injury as though it is a static entity, that is r by focusing on specific tissue 
damage, However since tissue damage causes changes to the joint biomechanics, other tissues, 
will be affected and drawn into the clinical picture. Understanding the tiuks in this issue begins 
with the concept of pain. 

Tissue damage causes pain. Some have said there is no proof that rhis sracemL-nr ls itul <-\ net 
pain is a perception and no instrument can l Measure it directly. 1 his notion ignores the large 
body of pain literature (a review of which is well outside the .scope of this chapter), which has 
motivated a recent proposal from a diverse group of pain specialists to classify pain by mecha- 
nisin — specifically* transient pain (which does not produce long-term sequelae) and tissue in jury 
and nervous system injury pain, both of which have complex organic mechanisms (Woolf et 
aL, m8) 

Siddall and Cousins (1 W7} wonderfully summarized the great advances made in the under- 
standing of the neurobiology of pai n — in particular, the long-term ch anges from noxious stimu- 
latEon known as cenp-a 1 sensitization, Briefly, tissue damage directly affects the response c j K rhi: 
nociceptor to further stimulation; over longer periods of time, both increase the magnitude of 
the res|K>nse, sensitivity to the stimulus, and size of the region served by the same affcrents. 
Some clinicians have used this as a rationale for the prescription of analgesics early in acute low 
back pain. Kurrhennorc. some h.ive hased arguments, on whether a certain tissue could initi- 
ate pin from the presence or absence of nociceptors or free nerve endings, requiring proof of 
damage to the specific tissue in question, But tissue damage (a long a continuum from cell damage 
to rnacrostnictural failure) changes the biomechanics of the spine. Not only may this change 
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canst: pain* but it -appears to initiate a cascade of change drat can cause disruptions i o the joint 
and continual pain fhr years in leading ro L-ondirions such :js facet arthritis, art:*: I era red annular 
defeneration, and nerve root irritation h to name a few* (See Kirkddy- Willis and Burton, 1992, 
for an excellent review of the cascade of spine degeneration initiated by damage.) Butler and 
colleagues- docimienred ih:n disc da mag* nark- always occurs before facet arthritis is 

observed. Injury and tissue damaj^ initiate joint instabilities, causing the body to res f ion d with 
arthritic activity to finally stabilize. This results in a loss of range of motion and, no doubt, pain 
(Briiickmann, 19K5>. 

Injury Process: Motor Changes 

It is conclusive chat patients reporting debilitating low back pain suffer simultaneous changes 
in (heir motor control systems. Kecutpiizing these change is important since they affect the 
stabilizing- system, Richardson and coworkers (1990) produced quite a comprehensive review of 
this literature and made a case for targeting specific muscle groups during rehabilitation. Spe- 
cifically, the ir objective is to reeducate faulty motor control patterns posriniury. The challenge 
is to train the stabilizing system durinjr steady-state activities h and also during rapid voluntary 
motions, and to withstand sudden surprise loads. 

Among i he wide variety of motor changes researchers have documented,, they have paid 
particular attention to the transverse abdominis ami multifidus muscles. For example, during 
anticipatory movements such as sudden shoulder flexion movements, the onset of transverse 
abdominis has been s:hown to be delayed in a few subjects with bock troubles (Hodges and liich- 
ardson, 1W6; Richardson et aL. White the Queensland group developed a rehabilitation 

protocol specifically intended to reeducate the motor control system for involvement of the 
transverse abdominis, there are many other muscles ihat exhibit motor control perturbations, 
A number of laboratories have also documented changes to the multitldus complex. Further, in 
a very nice study of 10H patients with histories of chronic LBD ransjing from four months to 
20 years, Sihvonen and colleagues (1997) noted that 50% had disturbed joint motion and thai 
75% of those with radiating pain had abnormal IlMGs to the medial spine extensor muscles. 
Interestingly enoughs in the many studies on the multifidus, EM CI abnormalities in the more 
lateral lonjspssimus seem to appear along with tiiose in ntuhifldus in people with back troubles 
(Haig et al.., 19VS). Jorgensen arid Nicobisen (19W7) associated lower endurance in the spine 
extensors in general, while Roy and colleagues •( 1995) established faster futigue rates in the rnul - 
dfidus in those with low back troubles, In addition* changes in torso agonist-antagonist activity 
have been documented during gait {Arendt-Nielson et al H 1995; Vogt et a!., 200|), particularly 
in the gluteals, back extensors, and hamstrings during walking. In addition, asymmetric extensor 
muscle output has been observed during isokinetic torso extensor efforts (Grabiner, Koh, and 
Ghazawi, 1992) t which alters spine tissue loading. 

Further evidence indicates that the structure of the muscle itself experiences change following 
injury- or pain episodes. Anatomical changes following low back injury include asy in metric atro- 
phy in the mu In fid us- (Hides, Richardson^ and jull, lWfi) and fiber rype changes in multifidits 
even five years after surgery (Rantanen et aL> 1993). Long-term outcome was associated 
with certain composition characteristics, Specifically, good outcome was associated with 



ariKisfi r ^) Func lion, R^haijilitatifjn, ,ind Pain 



An interesting point for troubled backs is that pain cart be both a blessing and a curse. 
Working through pjin (assuming muscular p*un) is often a nchisbilimtion and i mining 
necessity. But pain from tissue damage is another story. Rain is inhibiting of normal motor 
patterns. Furthermore, it is well established thai one does not get used to pain from tissue 
damage; rather' thi process of centra I sensitization ensures that the person Incomes even 
more sensitive tn the pain. For many Individuals, addressing proper mechanics to S|we 
the damaged tissues must precede rigorous training — how this is done is explained in 
the final chapters of this book. 
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normal fiber appearance while poor outcome was associated widi atrophy in the type II fiber* 
and a L, moth-eaten* appearance in type I fibers, Moreover., even after symptoms had resolved* 
1 J ides and col leagues (1996) documented a smaller nmltifidus and suggested impaired reflexes 
as a mechanism. This theory appears tenable, given documented evidence of this at other joints, 
particularly at the knee (Jayson a"d Dixon, 197ft Stokes and Youngs l u 84). Once again, the 
reason tor the clinical emphasis on the muitiftdus may well he that the bulk of the; research has 
been pcriuniicd on this muscle. Yet researchers who have examined other muscles have observed 
similar changes in unilateral atrophy — for example, in the psoas (Pangaria and Naesh N 
Wise clinicians consider all muscles^ not just those that have been chosen for study. 

Specific Patterns of Muscle Inhibition Following Injury 

As stated in the previous section, pain inhibits normal motor patterns and is associated with 
several other characteristics. ±More insight is provided here. 

The Crossed- Pelvis Syndrome and Gluteal Amnesia 

Dr \ladamirjandja (see figure 5. IE) proposed thecrossed-pelvissyndrt»me in which chose with 
a history? of chronic low back troubles displayed characteristic patterns of what he referred to 
as ri weak 19 and 1 "right 1 * muscles. Specifically he described the features of the crossed-pehls syn- 
drome as including a weak gluteal and abdominal wall complex with right hamstrings and hip 
flexors-. He developed a technique ro "correct 1 * this aberrant pattern. While I have difficulty in 
inteinratin^ the terms s Veak" and "'riiiht" from a scientific point of view, janda's general insights 
were generally true. From measuring groups of men with chronic back troubles during squatting 
iypesof tasks., it is clear that they try to accomplish this basic morion and motor partem o1 hip 
extension emphasizing the back extensors and the hamstring — they appear to have forexitten 
how to use the gluteal complex. Noticeable restrictions in the hip flexors may or may not be 
present, but without question the gluteals are not recruited to levels that are necessary ro both 
spare the back and roster better pcrrormance, I refer to this as "gluteal amnesia, 51 

It is common for both patients and athletes, to arrive at our research clinic with chronic back 
troubles and with a crossed-pelvis overlay. Traditional strength approaches to rehabilitating 




Figure 5.1 S I worked rn severa) clinical workshops with Dr. landa prior to his death. He taught 
me much clinical wisdom that w s e were able to evaluate and quantify. 
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ihtdr backs have failed since strength squat patterns were attempted on aberrant motor patterns; 
Specifically, the gluten I complex w0 not able to contribute its mmtt to hip extension . loading up 
the hack as the -erector spinae crushed the spine. Sowing the hack during hip evtensor training 
demands healthy gluteals. Specific training to reprogram gluteal intention is described and 
demonstrated in part HI of this book. 



lingering Deficits Following Back Injury 

In a recent study (McCiN et al, 2003}, we extensively tested 72 workers. Of those work- 
ers, 2h had a history ot back [roubles sufficient to result in lost time, 24 had some back 
troubles bur not severe enough to ever lose work time, and (he rest had never had any 
back complaints. Alt were asymptomatic and back to work a* the lime of testing. The 
litany of differences between groups is explained elsewhere but inducted several motor 
control deficits, Our finding* cart be summarized as follows; 

• Havi ng a history of low back troubles was associated with a larger waist girth, 
a greater dhronfeEty potential as predicted from psychos >ru I questionnaires 
and perturbed flexion-to-extension strength and endurance ratios, among other 
factors. 

• Those who had a history of back trouble* had a lack of muscle enduranc^-spe- 
cifically, a lack of balance of endurance among torso muscle groups. Absofute 
torso strength was not related, although the ratjG of flexor Eo extensor strength 
was important. 

• Those with a history of low back (rouble had diminished hip extension and 
internal rotation, suggesting psoas involvement. 

• Those wit h a h (story of back troubles had a wi de va riety of motor cont rol defi ci is 
i nc I udi ng defi c i rs d u ri ng cha lie nged brea thing (a s wou Id occu r duri ng cha! leng- 
ing work), balancing, having to endure surprise loading and So on, Generally 
those who were poor in one motor task were likely to be poor in another. 

Given that those workers who had missed work tecause of back troubles were mea- 
sured 261 weefcs r on average, after their last disabling episode, the multiple deficits 
appear to remain tor very lengthy periods. The broad implication of this work is that 
having a history of low back troubles, even wh-en a substantia! amount of time has 
elapsed, is associated with a variety of lingering deficits such that a mullldfscipFinary 
training intervention approach would he required to diminish their presence. This col- 
lection of evidence strongly supports exercise prescription that, rxornotes the pattern* of 
m use u Ear coco ntraction and movement patterns observed in fit spines and quite power- 
fully documents patho neural -mechanical changes associated with chronic LED. Once 
again, these changes are tasting years— not 6 to 12 weeks! The evidence presented here 
collectively justifies the training regimens described in part III of this book. It is critical 
to address basic motion and motor patterns first before serious back training begins in 
earnest, This is the way to establish tht.: foundation for ultimate performance, fcnq to do 
it so as to break chronicity in those with history of back troubles. 
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CHAPTER 6 

Myths and Realities 

of Lumbar Spine Stability 



Stability is a popular term in discussion of the low back but it may be widely misunderstood 
'and inappropriately used. In previous chapters we established several relevant facts. First, 
all sorts of tissue damage result in joint laxity, which in turn cm I caul to instability. For example, 
si rained or (ailed ligaments cause joint lasiry and unstable motion under load, End-plate frac- 
tures with loss of disc height are another example of tissue [la mage that results in unstable joint 
behavior. Clearly? joint instability is a consequence of tissue damage (this is nicely summarized 
by Oxland et ah, 1 9°f). A fundamental tenet is that lost mechanical integrity an any load- 
bearing tissue will result in stiffness los.ses and an increased risk of unstable behavior. We also 
saw in chapter 5 that during an event in which instability was observed (die buckling spine of 
therx>werltfter), injury resulted. So, instability can both causae and be the result of injury. Finally, 
overlaying the tissue-based aspects of stability are the motor control aspects since coordinated 
contraction stiffens the joints and ultimately determines joint stability. 

Tlie purpose of this chapter is to provide a definition of stability and an understanding of 
how it is increased or decreased, This is a critical foundation for those prescribing stabilization 
exercise or recommending strategies to prevent injury. Attempts to enhance stability and prevent 
instability are compromised without an understanding of the influencing factors. lb quantify 
those factors* however, we must agree on definitions. What exactly do we mean when we use 
the terms apme stability* core rtuhilrty, -Andfttibilizjititin exercise? Often the meanings depend on the 
background of the individual: To the bioniechanist the terms pertain to a mechanical structure 
that can become unstable when a "critical point 5 * is reached; a surgeon may view abnormal joint 
motion patterns as unstable but correctable through changing the anatomy; and the manual 
medicine practitioner may interpret patterns of muscle coordination and posture as indicative 
of instability and attempt to alter one^ or a few; muscle activation profiles, Several groups have 
made contributions to the stability issue, but only a very few have attempted to actually quantify 
stability. This critical issue is addresser] here, 

Upon completion of this chapter, you will understand stability and its importance in injury 
prevention and rehabilitation. Furthermore, you mill understand why certain approaches are 
preferable for achieving sufficient stability. 

Stability: A Qualitative Analogy 

The following demonstration of structural stability illustrates key issues. Suppose a fishing rod 
is plated upright it en I vertical with the butt on the ground. If the rod were to have a small load 
placed in its tip, perhaps a pound or two, it would soon bend and buckle. Now suppose that die 
same rod has guy wires attached ai different levels along its length and that those wires are also 
attached to the ground in a circular pattern (see figure 6A t &-b)< Each guy wire is pulled to the 
same tension (this is critical). Now if the tip of the rod is loaded as before, the rod can sustain 
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Figure 6.1 The spine is analogous to a fishing rod placed upright with the butt on the ground. 
When compress ive load is applied downward to the tip, it wilf buckle quickly, (b} Attaching guy 
wires al different levels and Fndiffercnl directions and, most important tensioning each guy wirelo 
the same tension wil! ensure stability even with massive compressive loads. Note ihat I he guy wires 
ni't'd n<n h. v,c Iisyh tension forces but that the tensile forces must he of roughly equal magnitude. 
This Ss the role of the muscuSature in ensuring sufficient spine stability. 

die compressive forces successfully. If you reduce the iciiHinn in um. nne of' the w ires, the rod 
will buckle at a reduced load^ we could actually predict the node, or locus^ of the huclde, 

Oppressive loading similar #0 this has heen performed on human luinhar spines. Typical] y, 
Jito^teoiigisineritous lumbar spine from a cadaver with muscles removed (and no guy wires) will 
buckle under approximately u () Nf (about W lb) of compressive load (first noted hy Lucas ami 
Bresler, I W> I ), This is ail that a spine can withstand! 

This analogy demonstrates the critical role of the muscle* (the guy wires) to first ensure 
sufficient stabi lity of the spine so that it is prepared to withstand loading and sustgin postures 
and movement. Also demonstrated with this example is the role of the motor control system, 
which ensures thjt the tensions in the cables are proportional so as to not create a nudd point 
where huekling will occur. Revisiting the buckling injury that we observed Utioroscopically in 
the powerlifter (page 105), we would hypothesize that it was caused by a motor control error in 
which possibly one muscle reduced its activation or. From the previous analogy^ lost its stiffness. 
The synchrony of balanced stiffness produced by the motor control system is absolutely critical 
Now we. esin address how stability is quantified and modulated. 

Quantitative Foundation of Stability 

This section quantifies the notion of stability from a spine perspective. During the 19S()s h Pro- 
fessor Anders Bergmark of Sweden very elegantly formalized stability in a spine model with 
joint stiffness and 4{> muscles {Berginark, I In ihis classic work he was able to represent 
mathematically the concepts of "energy wells, H stiffness^ stability, and insfcihility. For the most 
part, thin seminal work went unrecognized largely because the cn^itecrs who understood the 
mechanics did not have the biological or clinical perspective and the clinicians were hindered 
in the interpretation and implications of the engineering mechanics. This section synthesizes 
Bcrtn i lark's pioneering effort us well as its continued evolution in the work of several others 
and attempts to encapsulate- the critical notions wirhoui mathematical complexity. If you are 
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Figure 6.2 The cuntinuorn uf stability, (it) The de-epe^l 
bowl is most &tah1e r and ftfj The hump is lead stable. The 
ball in i he howl seeks the energy wtlf orpotiiiion of mini- 
mum potential energy (m - g - iu Deepening the bowl or 
ii k. reasing the steepfiess of the sides increases the ability 
So survive perturbation. TMs increases stability. 




PE = m - g* h 

Slope = joint stiffness 

WidEh at bottom of bawl - joint laxity 



figure 6.3 The steepness of the Ride* of J he howl cor- 
responds to the stiffness pf trie pass iw [issues oi ihc joini r 
whir.h r.rruai«> l ho mcrhjnkiil stop in mod on. I he width 
of the bottom of the bow! corresponds to joms laxit y, Foj 
example, a po&Mi ve "dwwqr test" on the knee would be 
represented by a flattened bottom of the curve in which 
small applied force* produce large unopposed motion. 



mathematically inclined, see Bergmark's original 
work or ifs formalization by Cholewicki and McGill 

Potential Energy 

as a Function of Height 

The concept of stability begins with potential 
energy^ which for our purposes here is of twt> 
basic forms. In the first form, objects have poten- 
lial energy (PE) by virtue of their height above a 
datum, 

PE = mass - gravity - height 

Critical to measuring stability aHe the notion s 
of energy wells and minimum potential energy, 
A hall in a bowl is consi tiered stahle because if a 
force (or a. perturbation) were applied to it, it would 
rise up the side of the bowl but then come to resi 
again in the positioni of least potential energy at rbe 
bottom of the I sow] (the energy well) (sec figure o.2, 
a-d). As noted by Bergnwk, "stable equilibrium 
prevails when the potential energy of the system 
is minimum/ The system is made more stable by 
deepening the bowl or by increasing die steepness 
ol ilu iA i It l - bowl, <ir bofb (see figure (t.\). 

Thus, the notion of lit alii hey encompasses the 
unpefLurbed energy state of a system and a study 
of the system fol lowing perturbation^-if the joules 
of work tlone by the perturbation are less than the 
joules of potential energy inherent to the system, 
then the system will remain stable (ire., the ball 
will not roll out of the howl). The corollary is 
that the mechanical system will become unstable 
and possibly collapse if [he applied load exceeds a 
critical value (determined by potential energy and 
stiffness). 

The previous bell analogy is a two-dimensional 
example. This would be analogous to a hinged 1 
skeletal joint that has the capacity only for flexion- 
eaiension. Spinal pints can rotate in three planes 
and translate along three axes, requiring a six- 
dimensional bowl for each joint. Mathematics 
enables us to examine a 36-diruensionaI bowl 
(6 lumbar joints with fi degrees of freedom each) 
representing the whole lumbar spine. If the height 
of the bowl were decreased in any one of these 
36 dimensions, the ball could roll out- In clinical 
terms, a single muscle having an inappropriate 
force (and dius stiffness) or a damaged passive tissue 
[hat has lost stiffness can cause instability that is 
both predictable and quantifiable. 

Some clinicians have confused spill e stabil- 
ity with whole-body balance and stability, which 
involves the center of mass and base of support in 
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traces the mechanics of whrsle-hody balance and stability; Figure 6,5.,^ and b f shows the clinical 
practice of prodding patients. This approach is misjcitidcrd for cnh.int.'iiijr spint: stability. 




Figure b.4 Anolhcr lype r*f stability; orinn confused wilh spine column sTahifity r involves, ihc center of mass and Orisi- in 
suppofl in ihe cnnieki of felling over, f^j This n Jangle fe stable because a small peiuirbation 10 lis top would not cause. 
[I to fell. Thf> size of this siabNiiy can be quantified, in part, by the size of ihe. angle rliri.i. tht As rhe cenier of she mass, 
approaches a vertical line drawn from ihe base support, a smaller perturbing force would be required for it lofell, dem- 
ons! rating thai it is. stable hui less so. 




c 



Figure Nf, b, 1 Misunderstanding stability, illustrated in the examples given in figure 6.4,, has led clinicians to try to 
enhance spine stability by prodding patients and attempting to knock them off balance. This is not spine stability but 
whole- body stability. 
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Potential Energy as a Function 

of Stiffness and Elastic Energy Storage 

While potential energy by virtue of height is useful for illustrating the concept, potential 
energy as a function of stiffness and storage of clastic energy is actually used fur musculoskeletal 

application. Elastic potential energy is calculated from 
sriffness (t) and deformation (x) in the elastic element, 
as shown here: 




PE = IE ■ k - K 
S; PE-P 
S<0 : unstable 
S>0 : stable 



Figure &S Increasing ihe stiffness of (be cables 
(muscles) increases the stability (or deepens the 
bowl) and increases the ability to support larger 
applied loads <P) without falling. But most impor- 
tant, ensuring that the stiffness is balanced on each 
side enables the column to survive perturbation 
from ell her side. Increasing sliffness of just one 
spring will actually decrease Ihe Ability ffi bear 
compressive load (lowering HE in one direction 
and mode), illustrating the need for "balanc- 
ing" stiffness lor li given posture cind moment 
demand, 



PE^i/2 W 

We will use an elastic hand as an example. Stretch- 
ing the band with a stiffness (It) a distance it wilt store 
energy (PH). I he stretched band has the potential to 
do w r ork when stretched. In other words, the jn~earjer 
[lie stiffness (k). the greater the steepness of die sides 
erf rhe hnwt (trnni the previous analogy),, and the- more 
stahle the strueture. Thus;, stiffness creates stability (see 
figure 6.6). More specifically, symmetric stiffness creates 
even more stability. (Symmetry in stiffness is achieved 
by virtually all muscles of the torso; see figure 6=7, ( t-!\ } 
If more pules of work ate performed on the spine titan 
chere are joules of potential energy due to stiffness, the 
spine wili become unstable (see figure 6.8). 

Active in use! e acts like a stiff spring; and in fact p the 
greater the activation of the muscle., the greater this 
softness. Hofter and Andreassen (J^Hl) showed that 
joint stiffness increases rapidly and noiilinfiafly with 
muscle activation such that only very modest leveJs of 
muscle activity create sufficiently stiff and stable pints. 
Furthermore, joints possess inherent joint stiffness as 
the passive capsules m*i Ligaments contribute su fines*, 




Figure & J fa} Spine stiffness (and stability) is achieved by a complex interaction of stiffening siructures along *he spine 
and tbi those forming the torso wall. Balancing stiffness on all sides of the spine is mure critical to ensuring stability than 
having high forces on a single side. 
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particularly at the end range of motion The motor 
efitttrol system is a 1 j1 c to control stability of the 

Ujoiiu^ ill rough coordinated muscle coactivation and 
fn a lesser degree hy placing joiner in positions Fhat 
modulate passive stiffness contribution^ However, a 
Faulty motor control system can lead to inappropriate 
magnitudes of muscle force and stiffness, a Slowing a 
valley for the hall to roll out or, clinically, for a joint 
to buckle or undergo shear translation. However, 
we are limited in our ability to analyse the Iocs I 
stability gt mechanical systems and particularly 
musculoskeletal lmka^cs> since the energy wells are 
not infinitely deep and the many anatomical com- 
ponents contribute force and stiffness in synchrony 
to create surfaces of potential energy- in which many 
local wells exist, Thus, we locate local minima by 
examining the derivative of the energy surface. (See 
Rerginark 1987; Chulcwkki and i\lcGsh\ 1996, for 
mathematical detail.) 

We quantify spine stability, then., hy forming a, 
matrix in which the total "stiffness energy 1 " for each 
degree of freedom of joint morion is represented by 
a number (or eigenvalue); the magnitude of that 
number represents its contribution to forming the 
height of the howl in that particular dime ns ion, 
Eigenvalues less than zero indicate the potential 
for instability. The eigenvector {different from the 
eigenvalue) can then identify the mode in which 
the instability occurred, while sensitivity analysis 
is used to reveal the possible contributors to unstable behavior. Gardner-Morse and col- 
leagues (1 W5) initiated interesting invest! gatkms into eigenvectors by predicting patterns 
of spirit de forma tit in Jul: [o impaired macular intersegmental control, Their question was, 
"Which muscular pattern would have prevented the instability?" Crisco and Panfabi (]992) 
began investigations into the contributions of the various passive tissues. Our group has been 
investigating the eigenvector by systemaiicall y adjusting the stiffness of each muscle and assessing 
stability in a variety of tasks and exercises. The contributions of individual muscles to stability 
are shown later in this chapter. 

Activating a group of muscle synergists and antagonists in the optimal way now becomes 
4 critical issue. In clinical terms, the full complement of the stabilizing musculature must 
work harmoniously to ensure stability, generation of the required moment, and desired 
joint movement, But only one muscle with inappropriate activation amplitude may produce 
instability, or at least unstable behavior could result from inappropriate ac ovation at lower 
applied loads. 




FigMO? If mora joules of work are performed un 
rhe spine than there are joules of potential energy due 
to stiffness, the spine will become unstable — in this 
case, the instability mode is buckling. 



Muscles Create Force and Stiffness 

When a muscle contracts it creates both three and stiffness. While stiffness is always stabilizing., 
force may stabilize or destabilize. The relationship between increasing force in a muscle and 
the corresponding stifme js is quite nonlinear, with large increases in stiffness occurring quite 
early as activation begins. Thus as a muscle becomes more active it usually adds to spine 
stability; but if the force keeps rising, little additional stiffness is created and the force of 
the muscle will become large enough to actually induce buckling of the spine (Brown and 
McGill t 2005), This is more evidence for the wisdom of clinically enhancing spine stabil- 
ity with the objective of balance in stiffness and force in all contributing muscles rather than 
focusing on a single muscle group. 



Copyrighted Material 



Copyrighted Material 

Myths and R ealities of lumbar Spine Stability 1 T9 

Sufficient Stability 

How much stability is necessary? Obviously insufficient stiffness renders the joint unstable,, hut 
too much stiffness and cx activation imposes massive load penalties i>n i he ji s-ino unci prevents 
motion. We tan define sufficient stability as the muscular stiflfness necessary for stability,, with a 
modest amount of etfra sfa hi Li ry to form a margin of safety. Interestingly given rhe rapid increase- 
in joint stiffness with modest in use I e fr^rcc. large muscular forces are rarely required. 

Cholewieki T s m>rk(CholewicJd and McGtLt, 1^6; Chole wield., Simons, and Radeboid n 2000} 
demonstrated i hat, in most people wirb an undevised spine,, modest levels ofcoactivation nf rhe 
paraspinal andibdomim.il u - all muscles will result in sufficient stability of the lumbar spine t This 
means that people, from patients lb athletes, must be able cu maintain s ufficient stability in all 
activities— wirh low hut continuous muscle activation, "Thus,, niainraining a stability margin 
of safety when performing tasks 1 particulariy the tasks of daily Jiving is not compromised 
by insufficient strength but probably by insufficient endurance. We are now beginning to 
understand the mechanistic pathway of those studies showing the efficacy of endurance 
training for the muscles that stabilize the spine. Having strong abdominal muscles does not 
necessarily provide the prophylactic effect that many hoped fur, However, several works 
suggest that muscular endurance reduces the risk of future back troubles (Biering-Sorensen, 
iyS4), Finally; the Queensland group (e.g^ Richardson et aL 1W9} and several others (e.g^ 
0\Sutliviin, Twoirtcy, and Allison, IW?J noted the disturbances in the motor control system 
following injury (detailed in chapter 5), These disturbances compromise die ability to maintain 
sufficient stability. In summary, srahility comes from srifmess, jussive stifrhess is lost with tissue 
damage, and active stiffness throughout the range of motion is lost with perturbed motor pat- 
terns following injury. 

Stability Myths, Facts, and Clinical Implications 

Having explored some of the issues of spine stability, we will now consider a lew crucial ques- 
tions that will help enhance clinical decisions. 

■ How murk mustie Activation is needed to emtrre sufficient stability? The amount of 
muscle activation needed to ensure sufficient stability depends on the task. Generally, for most 
tash of daify living, very modest levels of abdominal wall cocontraction (activation of about 
10% of maximal voluntary contraction or even less) are sufficient. Again, depending on the 
task* cocoiitraction with the extensors (this will also include the quadratus) will ensure stability, 
rlnuvver, irn joint haslostsiilrnv.vs b^cau^ n1' damage, more end racoon is needed. A specific 
example is shown in chapter 13. 

• Is tiny single muscle most important? Several clinical groups have suggested focusing 
on one or rwo muscles to enhance stability. This would he similar to emphasizing a single guy 
wire in, the fishing rod example. Rarely would it help; rather it would be detrimental for achiev- 
ing the balance in stiffness needed to ensure stability throughout the changing task demands. 
In particular, clinir.il group h:nv t:inpha^.i?.ed the mutrilidus and transverse abdominis. The 
< Juccnsland group performed some of the original work emphasizing these two muscles. This 
was based on their research noting motor disturbances in these muscles in some individuals fol- 
lowing injury. In fact* they developed a tissue damage model suggesting chat chronically poor 
motor control (and motion patterns} initiates microtrauma in tissues that accumulates > lea-ding 
to symptomatic injury- (Richardson et aL 1999), Further, according to the Queensland model, 
sniisri L':.nk:ci Ui: r h-. c debiu-rians change in m<ni>r paui'ms h dial HironiL-iu can hinLcn 
only with specific techniques to reeducate the local muscle-motor control system. The inten- 
tions of tli e Queensland group were to address the documented motor deficits and attempt to 
reduce the risk of aberrant motor patterns that could lead to the pathology'- inducing patterns 
in their damage model. In other words, their recommendations appear to he directed toward 
reeducating the faulty motor patterns. However, many clinical groups have interpreted this 
approach to mean that these two muscles should he the specific Targets when one is teacb in in- 
stability maintenance over all sorts of tasks. This is problematic. 
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Hopefully the iindemanding obtained from the stability explanation provided earlier will 
underscore the folly of this unidimensinnal emphasis, in fact> the mulrifidu^ or any orher muscle 
tan be the must important stabilizer at an instance in time. Four exercises are presented as an 
example (see figure 6.9) in which lite contributors to stability are shown. The importance of 
individual muscles will change ami adjust with subtle changes in relative muscle actii'afion. Jn 
these examples the adjustments of all die laminae in each whole muscle are averaged in under 
io evaluate the entire muscle 1 * role, Obviously, adjustments in single laminae oFsome muscles 
would result in yet a different distrihnrion of contributions, to stability. Evaluating a wide variety 
{if tasks and exercises is most revealing The muscular and motor control system must satisfy 
requirements to sustain pas cures, create movements, brace against sudden motion or unexpected 
forces* build pres^ur^ and assist challenged breathing, nil the while ensuring sufficient stability. 
Virtually all muscles play a role in ensuring stability, but rheir importance at any point in time is 
determined by the unique combination of the demands just listed, Every study chat has actually 
quantified stability of the spine has reached the same conclusion-— alt muscles are important 
implying that a clinical focus on one muscle and not the whole system is detrimental. In some 
instances, the pvrri in nance of one muscle enhances another (e.g., the rectus abdominis assists 
the obliques for stabilization). Furthers evidence has demonstrated rhai endurance in these 
muscles is necessary to facilitate the continuous low-level stiffening contractions required tor 
the maintenance of sufficient stability (e.g., Wagner et al., 2005). 

* Do ItKttf/gluhdi a?- intrinsic/extrinsic stabilizers exist? From the classic definition and 
quantification of stability; the answer would be no. Stability results from the stiffness at each 
joint in a particular degree of freedom. The relative contribution from every muscle source 
is dynamically changing depending on its need to contract tor other purposes. The way the 
various contributor to stiffness add up, however T is important, Tn some instances, removing a 
muscle from the analysis has very little effect on joint stability. Once again, it depends on the 
demands an d constraints unique to the task at that instant. The point IS that all contributors are 
important for some tasks and should be recognized as potentially important in any prevention 
or rehabilitation program. ( ^inversely, conceiving stabilizers as 1:1 intrinsic* or "extrinsic* may 
offer no benefit for clinical decision making 
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Figure Measuring individual muscle influence on lumbar spine stability during performance of four different "stabiliza- 
tion" exercises demonstrates thai all muscles are important and tbat ^ieir relative importance changes with the task. Total 
stability is also indicated by the determinant demonstrating how stability can change between tasks. I This is an example 
from a single subject. Typicalfy, group means indicate a different stability ranking of exercises J 
Courtesy of N. Karcn: 5. McCHL 
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* Wijui ft*r tiitirifkrft tun e xrttiw a ? S-Ea bi I i cy exercises a rid a stable core art often discu ssed 
in e^eibti forums. What are stabilization exercises? The fact is that any exercise can be a stabi- 
lization exercise depends ng on how it is performed. Sufficient joint stiffness is achieved through 
the creation of specific motor patterns. To adapt a phrase popular in motor control drdes, 
"Practice does not radce perfect- it makes permanent ? ideally, good stabilization everdses that 
are performed properly grcHive motor and motion patterns that ensure Stability while satis tying 
M <nt if r di.; minds. Thus, ail exercise, repeated in a way that grooves motor patterns- urn! ensures 
a stable spme, consti cures a stabilization exercise CMcGi]! T ZQHl}. Howler, some stabilisation 
exercises are better than othersi again h it depends on the objectives. For example 1 the resultant 
load on die spine is rarely considered. One key to improving bad l jacks is to select stabilization 
exercises that impose the lowest load on the damaged spine, Chapter S provides a ranking of such 
exercises. On the other hand, the best stabilization exercise for a high 'perform a nee athlete wilf 
involve the grooving of j dynamic and complex motion pattern, all the while ensuring sufficient 
spine stability. An important requirement for many athletes is to ensure a stable spine while 
breathing hard t such as when plaving high-intensity snorts. This will be discussed in chapter 
13. 

■ Can rfhmiiwf identify thvtr irfm are fww st&hUhmd trom a qualitative perspective, 
the answer is yes as long as the clinician is cued into seeing and feeling compromised motion 
and muscle activation patterns. Front a quantitative perspective, we have used modeling analysis 
in try to find ways to identify those who compromise their lumbar stability ft™ specific motor 
control errors. We observed such inappropriate muscle sequencing in men who were challenged 
by holding a I mid in the hands while breathing 1 0% CO, to elevate breathuig. t)n one hand, the 
muscles wtMicxxxmtr^ stability; hut on the other, challenged breath- 

ing is often characterized by a rhythmic contraction -relaxation of the abdominal wall (AlcGill, 
Sharratt, and Se^ui]^ I W5). Thus 3 tile motor system is presented with a conflict: Should the 
torso muscles remain active lsoinetrically to maintain spine Stability; or will they rhythmically 
relax and contract to assist with active expiration (bur sacrifice spine stability)? Fit motor sys- 
tems appear to meet the simultaneous breathing and spine sup|x)rt challenge; unfit ones may 
not All ofrhese deficient motor com rot mechanisms will heighten hiomechanical susceptibility 
ro injury or reinjury (Cholewielci and AicCill, \VW>). We are currently using this paradigm in 
a longitudinal study to see if those who bordered on instability during this challenge will be 
the ones who develop low back troubles. Some other tests fco detect functional instability are 
described in chapter 1 1. 

In summary achieving stability is not just a matter of activating a few targeted muscles, be 
they the multifidus h transverse abdominis, or any other Sufficient stability is a moving target 
that continually changes as a function of the three-dtmensional torques needed to support 
posture?, U involves achieving the stiffness needed to endure unexpected loads^ preparing for 
moving quickly, and ensuring sufficient stiffness in any degree of freedom of the joint that may 
be compromised from injur)-'. Motor control fitness is essential for achieving the stability target 
under all possible condition-; for performance and injury avoidance. 
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PART II 



Injury Prevention 



In port I we went back to school for an updato on lumbar function, Jn part It 
this foundation is used to justify the best injury prevention, approaches 
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CHAPTER 7 

LBD Risk Assessment 



Two types of physical risk factors predispose people to developing low back troubles; those 
linked to the person (for example, muscle endurance or the lack of) and those [inked to the 
demands of performing a certain task (fur example, applied loads). This chapter describes how 
to assess the rink of hack troubles that result from the task demands. 

Upon completion of this chaptur, you will understand the variables that are important to 
include for risk assessment and be farmlur with different tools to assess the risk. These tools 
include the XIQSH approach, the Snook psychophj'sical approach, i he lumbar motion monitor 
(LMM) approach, and the Ergo watch approach. 

Tissue overload causes damage and subsequent low back troubles, Assessing the risk involves 
comparing applied loads with some form of load -bearing tolerance value. Chapter 5 included 
examples of applied loads, tissue loads, and injur} 1 scenarios. Although direct measurement of 
tissue loads would he ideal, this remains impractical for large numbers of people performing 
a wide variety of occupational tasks and activities of daily living, Researchers have developed 
various modeling approaches to predict these loads, hut they remain methodologically complex. 
For this reason, surrogates tor tissue load that are linked with posture^ applied load, and morion 
have been proposed. These were introduced in chapter % "Epidemiological Studies on Low 
Jia.ck Disorders (LBJJs)-" See "Brief Review of the ftisk Factors for LED 1 ' for a list of known 
risk factors that includes descriptions and critiques of several approaches to assessing them, 

Four risk assessment approaches are presented more or less from least complex to most 
complex. The simplest approaches use metrics that are the easiest and cheapest to employ 
foriniury risk assessment. However, these are compromised by a lack of at curacy and speci- 
ficity and are not sensitive to individual worker or person technique. The more complex 
approaches involve more sophisticated methods and are more expensive in conduct, but they 
are more robust in their sensitivity to specific tasks and the individual ways in which people 
elect to perform thein. 

Brief Review of the Risk Factors for LBD 

Here arc the risk factors that have been identified from epidemiological approaches: 

■ Static work posture s t specifically prolonged trunk flexion anti a twisted or laterally bent 
trunk posture 

■ Sea ted working postures 

■ Frequent torso motion, higher spine rotational velocity,, and spine rotational devia- 
tions 

■ Frequent lifting, pushing, and pulling 
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* Vibration exposure particularly seated whole-body vibration 

* Peak and cumulau ve !ow hack shear force, compressive force, and extensor moment 

* I nciden ce of s-ti ps a nd fa 1 1 s 

These risk factors have been identified from tissue-based studies: 

■ Repeated fid I lumbar flexion 

* Time of day (or time after rising from bed) 

* Excessive magnitude and repetition of compressive loads, shear buds, and torsion a! 
displacement and moments 

■ Insufficient loading so that tissue strength is compromised 

* Rapid ballistic loading (audi as that resulting during landing fro in a full) 

And finally, these personal variables have been identified as risk factors: 

* Increased spine mobility (range of motion) 

* Lower torso nmsde endurance 

* Perturbed motor control patterns 

* Age 

* Gender 

* Abdominal/ torso girth 

NIOSH Approach to Risk Assessment 

For about the past 40 years both fie] si surveillance and laboratory .studies have focused on the 
relationship between back injury and compressive fortes experienced by the lumbar spine. For 
example, m J 981 the National institute for Occupational Safety and Health (NLOSH) published 
guidelines for maximum compressive loading oi the lumbar spine {both an action limit of 3400 
N [about 750 ib| and a masnuum permissible limit of olQQ N [alxjut 1400 lb]) based on some 
earlier evidence. In 1994 Leanmn questioned the use of compression when he quite correctly 
stated thai the supporting evidence lor compression as a metric, or index of risk, was sparse. 
I lowever, since that time, several good data sets have shown th at restricting the amount of low 
back compression (both peak and cumulative} is one valid approach to reducing the risk of low 
back injury (for esaniplcj data sets in the previously discussed studies by Norman et aJ. ji998] 
and Alarras et al. fl 9051).. In addition, NlOSU has also proposed lifting guidelines to limit the 
amount of load lifted in the hands. These limits are described in the following sections. 

The influence of NIOSH has been far- reaching many groups have used these values in an 
attempt to reduce the risk in workers. In fact, the NIOSH approach continues to be widely used 
today primarily because of its ease of use, 

1981 Guideline 

The first lifting guide {NIOSH > I^K]) was restricted to life in the sagittal plane and lifts that 
invofved only slow and smooth motions. Predictions of the load lifted in the hands were Erased 
on some rudimentary distances to characterise the kinematics of the lift and load moment at the 
low back. Two limits were defined: the action limit (ALX which> if exceeded f triggered action to 
apply engineering an J administrative controls, and the maximum permissible limit (MPL) for 
the load lifted, above which the risk is too high and not permissible. Weights lighter than the 
AL are considered safe. Experts with biomechanics!, physiological, and psychophysical expertise 
chose the magnitude of these limits and the variables needed to Compute them - The genera! 
form of die formula used u> compute the AL for weight in the hands is as follows: 

AL (kg) - 40 (HF)(W)(DH(Fb;) 
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where 

111= In r v mu.il ln.lnr. im : I.- v mU -M.rKV 'Hi \\<v\r- .! I ■ i > i; M r i ^ Use .|7iUo L<i 

the center nf gravity of the load at the lift origin. This was defined as (15/H), 
VF ^ vertical factor, or the height (V) t>f the load at lift origin. This was defined a_s (0.004)/ 



DK = (Stance ractor t °r dn: vertical travel distance of the load- This was defined as ,7 4 7.5/D, 

FF - frequency factor* or the lifting rate defined a,s 1 - F/F max, 

F £ average frequency ufclie lift, ^ hil^ Vmns. is obtained from tabulated data, 

The logic of the equation is to set a maximal load of 40 kg (KS lb) and multiply this value 
against variables that act as discount factors, Thu_s s the maxima? lift is 40 kg(8ti Lb) under opti- 
mal conditions and when all discount variables equal unity- (1). Suboptimal lifting conditions 
cause the discount rnuhi pliers to drop to smaller values, reducing the "safe 71 load, The MPL is 
computed as three times rhe Al_ for a particular set nf lifting circumstances: 



MPL« 



T993 Guideline 



The revised NIOS] I equation (Waters et al. s 1993) was introduced to address those lifting tasks 
that violated the sagittal ly symmetric lifting task restriction of the earlier equation. In addition, 
the concepts of the AL and MPL were replaced with a recommended weight limit (RWL) for 
a particular situation. If the actual load to !>e lifted exceeds the RWL, the risk of developing an 
LBI> is elevated, While the RVM , equation is similar to the 1 MB1 equation, two additional factors 
were incorporated- These inchide an asymmetric triable tor nonsagittal lifts and a factor for 
whether or not the object has handles. Note that the specific variable weightings also changed 
from the 198] equation form. 



RWL (kg) . li(2 5/1 1)[ 1 - (0.003/V - 75 1 )] 

x [.82 +4. i 



where 



II = horizontal location forward of the midpoint between the ankles at the origin of the lift, 
Tf significant control is required at the destination, then H should be measured both at the 
origin and destination of the lift, 

V m vertical location at the origin of the lift. 

D = vertical travel distance between the origin and destination of the lift, 

A = angJe between the midpoint of the ankles 'and the midpoint between the hands at the 
origin of the lift. 

CM ■ coupling multiplier ranked as either good< fair, or poor. It is obtained from a table. 

The 1993- equation predicts smaller loads that can he lifted safely* when compared to the 
1981 equation, and is thus more conservative. Interestingly, NIOSH offered no provision for 
the difference in capacities of men and women; they are treated similarly largely for political 
reasons, (1 discussed this, issue of discrimination and the impact on protecting vulnerable workers 
in chapiter L} Further* the approach ignored any individual differences in Iwjdy mechanics used 
during lifting. In addition, some ha^e suggested that the handle factors may not be consistent 
with the subsequent forces endured hy the body. For example, while NIOSH assumed that 
having handles on the lifted object is bettcr h our work has shown that handles allow the lifter to 
,ipph s- v s. ! i simre li.irce, i L-vuLti nu in rtrhsequeml) higher hack Wd* ( I h>sisu et il., I WH)] None- 
theless, the equations form a rudimentary approach to risk assessment rha< is easy rrj cone In lt. 
Marras and colleagues (1999) concluded 'that the 1981 NIOSH guide identified low-risk jobs 



Copyrighted Material 



LSD Rrsk Assessment 



Copyrighted Material 



weU (specificity of 91%) but did not predict the high-risk jobs well The 199] guide correctly 
identified 73% of the high-risk jobs but did treft identify the low- and medium-risk jobs well. 
( KxTiilL both NIOsSH guides predicted those jolts resulting in LBD with odds ratios between 
3.1 and 4.6. Marm and colleagues (1959) noted that the most powerful Individual variable was 
average Icju back mnnu-nr (load in hands end dhe horizontal distance between the anteriorly 
placed load from the spine). 

Morc recent work by the Alarms lab (Ferguson ct at., 2005) has added perspective to the 
interrelation nt'itu- XI OS 1 3 approach. The researches measured populations of workers with 
low hack pain and age-matched controls and noted that lifting from the floor is problematic 
for many workers, in particular those with back pain. This has imp is cations for return -to-work 
programs for people with injured backs. Further, their data have strengthened the growing 
impression that shear forces oil the spine are probably more important than compression in 
determining injury risk. In fact 74% of their high-risk tasks were categorized based on excessive 
lumbar shear. Norman and colleagues (1 998) made similar observations. 

Snook Psychophysical Approach 

The psychophysical approach to setting load* or work limits, is based on people 1 !, perceptions 
as to what they fee! is a tolerable work rate. Hie main criticism of this approach is that most 
people perceive physiologically related discomfort and not the internal loading on tissues that 
actually causes damage. For example, Dul, Douwcs, and Smite (1994) made a case that muscle 
discomfort:, which b readily perceived, may not he correlated with actual tissue loads. Workers 
[nay not be cognizant of the tissue loads as they reach damaging levels (AleCill, 1997). Further- 
more, Karwowski and colleagues {Karwowski and Pongpatanasuegsa, 1989; Karwowski, 1°9l, 
I 992) noted in a series of studies that the general psychophysical approach is very dependent 
tin such factors as the instructions provided to the experimental subjects and the color of the 
object being lifted, to name a coupfc. Fur example, the Snook studies (1978) advised the work- 
ers to determine a work rate and load to be moved based on the instruction not to become 
unduly fatigued, The workers selected the loads they perceived not to be fatiguing. Yet when 
Karwowski repeated the experiments but changed the instruction to lift loads so that subjects 
would not become injured, the acceptable loads changed (they chose smaller loads). Karwowski 
and Pongpatanasuegsa (19X9)^ when evaluating the effect of the color of the boxes being lifted, 
noted that workers would lift more when the boxes were white, as they perceived the black 
boxes as being more dense. Recent work by my colleague Mardy Fra^er (u n| n: I iI>Ik-iI :■ m il^i s 
that females base their perception of task-limiting loads more on shoulder discomfort than on 
spinal indicators. Males, on the other hand, base their perception on low back limitations, The 
psychophysical approach appears to depend on many facu >rs ilnu modulate perception. 

"The wort of Snook (Snoot* 1978| Snook ami Oriel lo> 199 1 ) j$ probably the most widely rec- 
ognized in the psyehophysies area. The investigators experimentally controlled variables such as 
object size, height of die lift, and movement distance in lifting and pushing and pulling tasks for 
both men and women, They constructed tables compiling the acceptable loads tor both men and 
women over a variety of tasks. On one hand this approach inherently incorporates the dynamics 
of the tasks, while on the other hand the concerns raised in the previous paragraph are worth 
considering, Nonetheless, the Snook approach remains popular lor irs ease of implementation 
and because it is one of the few assessment methods for pushing and pulling tasks. 

Lumbar Motion Monitor (LMM) 

Several studies have documented the links between spine motion and the development of Llll'J, 
but none more thoroughly than those of Alarms and colleagues (199i h 1995). They developed 
several types of regression models that demonstrated that spine motion and, in particular, the 
velocity of morion and die range of motion are important predictors of those jobs with high 
rates of disorders (in fact, some odds ratios exceeded 1 0). The lumbar motion monitor is a three- 
dimensional goniometer that measures the three-dimensional kinematics of the lumbar spine (see 
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figure 7,1), Marras and eollejgues sfn >wed that die 
kinemaric variables obtained from workers wearing 
the LMM> when combined with simple measure- 
ments of lift frequency or motion duty cycle and 
load moment (the bad magninideniulriplcal by rhe 
i lis tance to the low hack), provide impressive risk 
predictions. Using the LMM on people while they 
are performing real on-sire tastes and not labors- 
Cory mockups is relatively easy to do. In addition, 
I ..MM iM|Hun> the "iidiiiOlisll way* in wh:di 

people use and move [heir spines, Seechap[er 5 for 
a discussion of the mechanisms of injury that are 
dependent on spine posture and motion. 

Ergo watch 

Biomechanics! models have heen used fn estimate 
loads in the low Laek tissues and identify hi^h-risk 
(ili-. luriippE-uxiiiniu-lv :Un:v ck-Link^ Some i-mcjeK 
were in [ended as a simple cool for heatth and safety 
personnel to provide an approximate index of injury 
risk on the plant floor. Other models, were designed to he more robust in illustrating injury 
mechanisms and being sensitive to worker variance. Decisions, as to which model to use hoi! 
down to the purpose and necessary complexity of the model. 

The better "simple" models need the "complex* 1 models to assess the many simplifying 
assumptions that affect accuracy and validity of output, which in turn depend on the type of 
application. Further, in many workplaces, the most blatant or overt economic injury risks have 
been addressed, and only the inorc subtSe risltf remain. Ergonotnista need simple models but 
also must he conversant with the more complex models that will assist in rectifying the more 
subtle injury 7 risks and assist in developing more effective intervention strategies. 

Although siinpic hi oinec helically based models to obtain quick estimates of low back comprcs- 
-i. (-vim. i isk itsM-^nu'in Sin musi M>.s inquires muif unnp!e\ iiu u iLS .\wci .,n;ik ^is approaches 
In an effort to optimize biofideliry and industrial utility* Bob Norman, Manly Frazer + Rich Wells, 
and J developed the software pnekajju I' rui^wLtdi, I [ \\\\\\ru-. tin.- D moments computed .it joints 
while workers perform JD postures or tasks together with the fourth dimension of time and 
the effect of repetition on determining the safe load r (It is available by contacting D.Ganside® 
nwaterloo.ea). The package uses the detailed output of the virtual spine (described in chapter 2) as 
a foundation but makes assumptions to simplify' data collection and to facilitate routine analysis. 
In this w;i\ indi\ idu;d SMJiker hL-havtor and spinu mechanics are quantified hut simplified into 
" average" muscular responses seen in workers performing similar tasks. This greatly simplifies 
data collection and preserves the benefits of better anatomical representation and more valid 
predictions of low back load*. Furthermore by incorporating the injury data obtained from 
samples of workcrs t Ergowatch quantifies the risk of back injury during fully three-dimensional 
tasks and postures. The fourth dimension is thne n in this case a variable needed to take into 
account the repetition of tasks over a work *bift P 

With use of the Ergowatch, the joint coordinate data are entered manually or the user 
rn amputates an on-screen mannequin into die work posture of interest. The software executes 
rhe difficult task of determining che three -dimensions I joint moments by computing [he Ku lei- 
angles and transforming them into moments about the orthopedic ases of each joint In this 
way, the jKtckuge is capable of calculating joint loads in any posture and for any combination of 
!i1t T lower, push, or pull task. It also incorporates algorithms [hat capture the average muscular 
response measured from workers to support three-dimensional spine moments of force together 
with strength data for both men and women, As well, the model is sensitive to spine posture in 
that ligament and passive tissue threes are invoked during fully flexed spinal postures, Thus, [he 
model more ace Lira teiy predicts low hack shear forces supported by the spine (as compared to 




Figure 7,1 Wearing the lumber motion monitor to 
record the three-dfcmensional kinematics of ihe lumbar 
spine- during performance of industrial tasks, 
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reaction shear forces of other models), together with cornprctfion fortes ihai result from iht 
load and the many torso inuscles contracting to Nippon a particular set or" three-dimensional 
moment (sec fissure 7-2, ff-b) (noting that shear more often is the variable closest to tolerance). 
While the upper limit for shear has been suggested to be 1000 N {222 lb), the equivalent "action 
I Emit* for repeated loading has been set at 500 N {1 1 1 fej (McGiU et aU 1 99$, fi-om tissue-based 
data; and Norman et ah, J WW t using industrinl in jury reporting data} Finally, the risk is also cal- 
culated from accumulated loads during repetitive work via comparison of the badntime integrals 
with epidemiologic dam obtained from a large surveillance study conduced En an automotive 
assembly plant (Norman et al. h 19S8J> (See figure 7.1, a^d.) 

The Er^owatcli approach represents a compromise between simple uiodels that are easy 
to im pigment bin are not very robust in [heir risk assessment and more complex appixmche£, 




Figure 7.2 Ergowatch computes lumlw compressive lo^d rrom an slgoriihm representing the average response of The 
many muscles, mca&uicr] from real workers, lhat combine to suppori me iniinile comb i nations of ihrec low hack m-omenis: 
FIcKion-exEension, lateral bend, and axial twisS. Because only three rJimens ions can he graphed at one lime, {j? shows the 
surface- of lumbrii compression rVcmn conibinaiions of flesioo-exltMision and iwist moments; white (hi show the surface of 
compression from flexion-extension and lateral bend, 



Euler Angles and Orthopedic Moments 

rF-Mmaiinnh or ihftv-tJ intension a I joinr momonis inMvpkvdh performed u>inj' rhr^e oriho^vil uos ■XY/i, M ji 
as a person rowes, [he orthopedic axes of the joints (fur example, in rbe lumber spine, axis 1— flexion -extension, 
axis 2 — lateral bend, axis 3 — ^xial twist} also move so that they no longer align with Ehe inertial XYZ axes. The 
difference between the orthopedic joint axes and the XYZ axes is described with Euler angles. The orthopedic 
moments sue then obtained from the E-vector approach described by Croud and Surtfay (1933). This involves 
taking the cross-product of the long axis fihe primary axis, usually iWFStl of two adjacent segments to form the 
secondary axis (usually flexion-extension). The cross-product of Ehe primary and secondary axes forms the E- 
vector, whit:h in turn becomes tin- dirrl joint orthopedic axi^i (usually lateral hend). Moment* computed alx^ut 
axes XYZ can now be transformed into joEni -specific orthopedic axes* This technique ensures that the joint axes 
convention "stay with I he joint"' as the person moves within the inertia! coordinate system. 
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Low back pain reporting incten 
Combined 
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Figure 7.3 Erjjo watch computes the joml -specific, three-dimensional orthopedic moments at each joint and uses several 
metrics to calculate risk. For example, the low back risk includes compression and shear load threshold values along with 
accumulated loads during repetitive work by comparing the load-time integrals with epidemiologic data obtained from a 
large surveillance study. Two examples are shown: b) a reaching lift and (c r d) an overhead assembly task. 



Ergowateh h sr.il! relatively easy to use, and it provides .HfflK degree, of sensitivity to the way 
individual workers perform complex tasks, ItusLS many risk indexes to quantify the subsequent 
risk from j specific task performed over a work shift. 

Biological Signal-Driven Model Approaches 

The final approach for risk assessment is to measure biological signals from each subject in an 
atiempf to capture the individual ways people perform their jobs, and then use sophisticated ana- 
tomical, bioniechanicul, and physiological relationships to assign forces to the various tissue,^ 

The Marras Model and the McCill Model 

The Alarras model (Al arras and Somnierich + 1 W 3 a, I W ih) measures dectrom vagrants, (KMGs) 
from several muscles and H usinp known physiological relatio n ships h assijms forces to the muscles 
during virtually any industrial cask. As noted earlier, this approach repealed powerful evidence 
linking [he physical demands oi" specific occupational tasks with the incidence of LBEX 

TheMeCiill model (McGill^ \ Q92 t MeGill and Nonnan, 1986 ) uses the same philosophical 
approach to assign forces to the muscles but attempts to include the highest SevcS of anatomi- 
cal accuracy possible. (This model was introduced in chapter ?,) For example, it also measures 
three-dimensional spine curvature to assess forces to the various passive tissues^ including the 
intervertebral discs and the various ligaments. By assigning forces to muscles and passive tissues 
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throughout die full range of spine motion, it captures die different ways people perform their 
jobs and even how they change with jepetitioals of the same ph. 'The obvious I La hi Li ry of the 
approach is its enormous computation? I requirements, postprocessing of data, anil difficulty of 
collecting such comprehensive data from a wide number of workers in the field. 

The question of the validity of mis type of model must be addressed along with other models 
based on the biological approach. Some have argued that since these models contain known 
bionicchanical and physkjlogical relationships, they contain a certain amount of content validity. 
Moreover* hoi h (lie M arras model and rlie McGtU model have been quite successful in estimating 
the various passive tissue and muscle forces that sum together to produce flexion and extension, 
lateral bend, and axial twisting moments. (These moments have Ljccti weEl predicted, with the 
exception of the twisting moment,) In summary, if twisting is not a dominant moment of force 
in 3 particular job,, these models appear to he predicting accurate distributions of forces among 
die support tissues, 

EMC- Assisted Optimization 

Perhaps the current pinnacle of model evolution is a hybrid modeling approach known as EMG- 
assisted optimisation (developed by Chole wield and McGill, 1994) with stability analysis and 
Ehsia- p;v.li-.i:. m : C 'hi Av\\ Uli :ir .Midi. I. Ivwr:. I hi- approach exploits rhti asst;[ ofrbc 
biological EMC approach to distribute loads among the tissues based on the biological behavior 
of the subject. It then uses optimisation to Elbe- tune the satiHlko't m f if|nint lovuui'H aLwmt several 
low hack joints. The optimization takes the tl biologic;iLly 1 ' predicted forces ami adjusts muscle 
forces the minimal amount possible to satisfy the three-dimensional moment axes at every joint 
over the length of the lumbar spine. Once the three-dimensional moments have been assigned 
and tissue forces determined, an analysis of spine stability is performed via eumparison of the 
joules of work imposed on the spine through perturbation with the joules of potential energy 
ex listing lis the stiffened column. 

" I "his most highly evolved of spine models provides the biomechanist or ergonomist with 
insight into injury mechanisms caused hy instability {as witnessed hy Chofewicld and A'lcGilL, 
1992) such as OCCufS during picking up a very Light load from the floor. Even though patients 
have reported hack injury from incidents such as bending over to tie a shoe, previous modeling 
approaches w r ere sensitive only to tissue damage and injury scenarios produced from large loads 
and moments. Now a bioinechanieal explanation is available to explain tire subsequent tissue 
damage, and a method is available to detect the risk of its happening. Although the routine use of 
rh is rype of sophisticated model by economists is not feasible, it is useful (tor trained scientists) 
for analyzing individual workers and identifying those who arc at elevated risk of injury because 
of fault} personal motor pa tic m*. 

Simple or Complex Models? 

In summary; the complex models provide a tool to investigate the mechanisms of injury and the 
effects of technique during material handling on the risk of injury. The most complex and most 
highly evolved models provide insight as to how injury occurs with all types of heavy and light 
U ads. On the orbcr hand, the simpler modcts i while sacrificing accuracy, can he a powerful tool 
for routine surveillance of physical demands in the workplace but must be wisely interpreted i i a 
each case for their limitations and constraints, Biomechanics and ergonomics require the full 
continuum of sophistication in models. The choice of which one to use depends on the issue 
in question. 

The Challenge Before Us 

In this chapter I have summarised and critiqued severs I approaches for their assets and liabilities. 
The choice of the most appropriate too! depends on the objective at hand. Yet many econo- 
mists and industrial engineers believe that [Minimal tissue loading is best tor all jobs, motivat- 
ing them to direct their interventions toward mating all jobs easier, This concept is faulty. 
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Biological tissues require repeated loading and stress tu be healthy. Virtually all risk assessment 
rook consider only the risk bf ton much load, Kisk assessment tools rhar survey tw little load- 
ing for optimal health are just starting to emerge. The challenge is ro develop a wise rest break 
strategy to facilitate optimal tissue Adaptation. More robust assessment cools will be developed 
in the future based on the most healthy combination of work and rest, This will he achieved 
through fi rst a n understands ng of the biomechanics physio! ogica J, and psychological jwameters 
of injury And human performance and then thoughtful application of this wisdom, 
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CHAPTER 8 

Reducing the Risk 
of Low Back Injury 



As 1 have suggested in previous- chapters > many of the classic: instructions from ^experts" 
about lifting (for example, bend the knees and not the buck) are in most cases nonsense. 
In Lice, v£ry few occupational lifting tasks can be performed this way, The resulting- tragedy is 
that clinicians or other experts lose credibility in the eyes of the worker; the worker knows she 
can not di> Ikt ioh that way. She lifts objects from the Hour, out uf parts bins, over tabled and 
so forth, The science shows that squatting can have an increased physiological cost and thac n 
depending on the characteristics of the load, it may not even reduce loads.. Squatting is not 
always the best choice of position; it depends on the specific/}* of the task (size, weight, and 
density of the object; pick and place location; number of repetitions, etc.), For example, 
the golfers lift (see figure K.-fi later in this chapter) inay he preferable for reducing spine loads 
to bending the knees and keeping the back straight for someone repeatedly lifting light objects 
from the floor, 

Reducing pain and improving mnetion tor patients with low back pain involve two eonipo* 
nents: 

■ Removing the stressors that create or estaccrbart damage 

■ Enhancing activities that build healthy supportive tissues 

This chapter addresses the issue of prevention, specifically, reducing the overloading 
stressors that cause occupational low hack disorders. (LCDs). After reviewing lessons from the 
literature and presenting the scientific issues, f will provide two sets of guidelines: one for work- 
ers and another for management. Finally, T will offer a few notes to enhance the effectiveness of 
consultants. The lists provided in this chapter will result in more successful injury prevention 
programs. The practitioner or consultant who employs them will stand out from his or her 

p/LTV 

Upon completion of this chapter, you will he able to formulate scientifically based guidelines 
effective for any activity that reduce the risk of occupational low back troubles. Further, you 
will be aware of, and so will be able to avoid, the pitfalls that cause etgonomie approaches to 
fail, finally, you will be a more effective consul lant hy harnessing the real expertise — that of 
the worker. 

Lessons From the Literature 

Why does industry care about the backs of workers? Competitive ness in the new r economy 
requires being profitable^ anil for many the only way to enhance profit is. to maximize loss 
control. A major source of losses to North American industry is worker injury, which results in 
direct costs for compensation and indirect costs of hiring and training replacement workers as 
well as reduced productivity due to lower speed and increased errors. For this reason^ preventing 
injury and promoting the rapid return to work of injured workers have become a major focus 
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for industry. Because back injury represents an enormous cost in both real dollars and suffering, 
companies are realizing the benefits of supporting injury prevention and rehabilitation programs. 
Following are a iimuber of studies thai have addressed the issues [liar, must be examined if such 
programs are to be successful, 

Compensation Board Statistic* — An Artifact? 

When completing injury report forms, clinicians are often requested to "mime the event'" rhat 
caused the "injury/ This information forms the statistical base for compensation boards, which 
compile these reports into "injury mechanisms* — for example, the injured worker "Lifted and 
twisted." While these events may have been the "culminating event, 1 * they were not the cause 
of the cumulative trauma that was. present, allowing" the injurious event to occur. Addressing the 
"culminating event"* rather than the cause of the cumulative trauma may have little efficacy, 

Ergonomic Studies 

If LBDs are associated wirJi loading, then changes in loading should change injury and absen- 
teeism rates. But surprisingly* the literature does, not provide dear guidance for reaching this 
objective; it needs interpretation. The traditional ergonomic approach is to establish a criterion 
that, if applied in the job design, would lead to a reduction in incidence rate. In a review in 
I Wrt, Frank and colleagues suggested that modified wort with lower demands can be successful 
in reducing the numher of injuries but that other changes such as organizational parameters 
made it difficult to conclude that physical demand chanties accounted tor any reported differ- 
ences. ThtS is because very few studies have simply altered job demands. Furthermore, VVTnkel 
and Westgaard (lWfi) noted that the implementation of ergonomics can lead to what they 
called an ergonomic pitfall. That is T the new economic consciousness causes many workers to 
report concerns that they did not previously realise were a result of their job skua dons. Thus, 
many newly implemented ergonomic intervention programs have resulted m a temporary rise 
in musculoskeletal disorders. This effect appears to have confounded any study of ergonomic 
efficacy of insufficient duration. The number of good investigations documenting the effect 1 ; o\ 
joh change, or the implementation of ergonomic principles, is also low because such research 
is very time-consuming and difficult to perform on-site. 

Nonetheless, .several nice studies qualify by documenting only the effect of ergonomic job 
redesign. For example > in a report on a series of studies on working women in Norway, Aaras. 
( l^M) noted a collectively documented reduction in sick leave due to musculoskeletal troubles 
from job redesign (specifically, from 5.1% to 3,1%) and a reduction in employee turnover from 
30,1% to 7 

Rehab and Prevention Studies 

Loisel and eolleatmes conducted a very interesting and important study in which they 

used a randomized control trial design with four groups. One group of people with back injuries 
received "clinical* 1 intervention lt insisting of a visit to a back pain specialist* back school t and 
finieriona] rehabilitation therapy. Another group received an occupational intervention consist- 
ing of a visit to an occupational physician and then an ergt>nojnist to arrive at ergonomic solu- 
tions, A third group, the "full intervention group/ received both of these approaches* and the 
fourth group received "usual e:iri\" J Ik- Ejroup recuiving fuli intervennon returned to regular 
work 2 .41 times faster than the usuid-cnrc group^ although the specific effect of occupational 
intervention (ergonomics) accounted for the largest proportion of this result with a rate ratio 
of return to regular work of 1 .'J 1 . 

Those paying for injury {government agencies and compensation boards and the insurance 
industry) could reasonably argue from this evidence thai, m reduce costs, care for the injured 
Ifcvk should be removed from medical hands (once the medics have ruled out Ll red flag" condi- 
tions such as tumors) and given to ergunomists!, Tungue-m-elieek as this statement may lie, its 
point is worthy of deep consideration. Hopefully, the last section of this book will provide clues 
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for more efficacious medical intervention, Krauze, Dasitiger, and Neuhauser (1998) reviewed 
the literature on the role of modified work in the return to work and rated as high quality the 
Loisel study, as wcfl us the studies of Baldwin, Johnson, and Butler (1996), This latter review 
concluded that modified work (involving die modification of musculoskeletal loading) is effec- 
tive in facilitating the return to work of disabled workers, 

in addition to workplace design modifications, workplace interventions may [kmc fit from 
addressing the personal movement strategies of each worker. In a fascinating study Snook and 
colleagues (IW8) demonstrated that of 85 patients randomly assigned to a group chat con- 
trolled the amount of early-morning lumbar flexion, the experimental group had a significant 
reduction in pain intensity compared to a control group. When the control group received the 
experimental treatment, they responded with similar reductions. This is yet another example 
of how persona] spine morion patterns and loading posture can influence whether the person 
will become injured. The next section. Wends notions of job design with personal movement 
strategies to reduce loading and the risk of USD, 

Studies on the Connection Between Fitness 
and Injury Disability 

It is fruitful to discuss briefly the role of fitness in the link between injury and disability. Although 
several studies have shown links between various fitness factors and the incidence oi LBD (e r g, 
Suni et al. p lWrtl t who showed rhat higher VOjnax scores were linked to LBDs), these cross- 
sectional studies cannot infer causation. 

Probably the most widely cited longitudinal study was reported by Cady and colleagues (1 979), 
who assessed the fitness of Los Angeles firefighters and noted that those who were rated "more 
fit"' had Fewer subsequent back injuries. However, what is not widely quoted by those citing this 
study i s th a t w hen the more fic did become i n jured, the i n jury wa s more severe , Perhaps the more 
fir were willing m experience higher physical loads. Several have suggested that a psychological 
profile is associated with being fit (e_g, h Farmer et al., I^SHl Hughes^ 3 ,J S4; Ross and Hayes,, 
1988; Young, 1979) and that the unfit may complain more about the more minor aches. Along 
those lines, some athletes have demonstrated the ability to compete despite injury, Burnett and 
colleagues (1 Wfi) reported cricket howlers with pars fractures who were stilt able to compete. Is 
this due to their supreme fitness and ability to achieve spine stability or their mental toughness? 
Perhaps it is both, The issue remains unresolved. 

It is also interesting tf h note rhat personal fitness 'Factors appear to play some role in Erst-time 
occurrence. Bieri ng-Sorenscii (1984) tested +49 men and 479 women for a variety of physical 
characteristics and showed that those with forger amount* < if «spi ne mobiliiy and low er extensor 
muscle endurance (independent factors) had an increased {xicurrenee of subsequent first-time 
luck troubles. Luoto and colleagues (1°95) reached similar conclusions, It would appear that 
muscle endurance, and noi anthropometric variables, is protective. 

Beyond Ergonomics: Is It Time to "Modify" the Worker? 

Ergonomics is often deseril>ed as "fitting the task to the person/ There are many efficacy stud- 
ies now showing that ergononiic job change is effective to various degrees* but not as effective 
as might he thought, For example, ii study of mechanized lifting aids m a patient care facility 
showed that the ergonomk aids reduced physical demands and decreased staff fatigue, yet 
injury rates remained unchanged (Y^ssi et ah, 2001), While training of the worker lias been 
shown io be necessary with virtually any physical ergononiic intervention (e.g., van der Molen 
et ah, 2005), the way the worker moves also appears to be highly important. Reducing injury 
with ergonomic approaches appears to have some efficacy, but any further advances will prob- 
ably require "changing the person to fit the task/ Gagnon (2003) observed <l eifperl !n lifters and 
concluded that their lifting strategies and personal body movements led to their health success. 
Our work for the past several years has converged on the notion that the way the exertion is 
performed determines the risk. Our quantification of martial arts tasks, weigltfJiJtjng, strongman 
competitions, and soon proves that technique determines the risk in very challenging physical 
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tasks. The nest section of this chapter incorporates these notions within the 
conrext of reducing the risk of tack injury. 

LBD Prevention for Workers 

This station addresses j list of issues that are scientifically ju stifi abl e to reduce 
the risk of occupational LBDs r 

Should Workers Avoid End Range 
of Spine Motion During Exertion? 

Generally* the answer to whether end range of motion should be Avoided is 
pes— for several reasons. .Maintaining; a more neutrally lordotic spine will 
maximize shear support, ensure a high tolerance: of the joint to withstand 
compressive forces, eliminate the i^k nl ligamentous damage since rhe 
ligaments remain unstrained, eliminate the risk of disc herniation since this 
is associated with a fully flexed spine., and qualitatively emulate the spine 
postures that Olympic lifters adopt to avoid injury (see figure 8.1, tf-k for 
an illustration of a fleved and a neufral spine), Unforrunarely this issue has. 
become contused with issues such as whether it is better to stix>p or squat. 
Another source of confusion has evolved from the common recommenda- 
tion to perform a pelvic ri It when lifting; rhe u'k: untie basr tor r h is Hinieallj 
popular notion is nonexistent! Performing a pelvic tilt increases tissue stresses 
and the risk of injury! 

What spirit' -.mil hip posture best minimizes the risk of injury? We do 
know that very tew lifting tasks in industry can l>e accomplished by bending 
the knees and not the back. Furthermore, most workers rarely adhere to this 
technique when repetitive lifts are required— a fact that h quite profaabh 
due to the increased physiological cost of squatting compared with stooping 
(Garg and Herri n, 1979). However, a ease can be made for preserving i leutral 
I u m ba r sipi n e cu rvatu re d u ring I i fti ng (speci fica 1 ly, a voidi ng end r a n ge limits 
of spine motion, about any of the three axes). This is a different concept from 
trunk angle* as the posture of the lumbar spine can be maintained Independent 
of thigh and trunk angles. 

The literaftjre is confused between trunk angle or inclination and rhe 
amount of flexion in the lumbar spine. Bending over is accomplished by 
either hip flexion or spine flexion or both. It is the issue of specific lumbar 
spine flexion that is of importance here. Normal lordosis can he considered 
* . to be the curvature of the lumbar spine associated with the upright standing 

posture, (To be precise, civ li i -\\.\r spine is slightly extended from elastic 
equilibrium during standing; see SeanneJI and MeGill h 200 3 _} In figure 
i warehouse worker is successfully sparing his spine by avoiding end range of 
spine motion even though he is not bending the knees; he has accomplished 
torso flexion by rorating about the hips. In figure Sj, a firefighter h dem- 
onstrating a spine-sparing technique (figure FOfr) versus a spine-damaging 
technique (figure 8.3d) for lifting extinguishers. Chapter It) offers further 
occupation-specific examples (e,g„ the construction workers, demonstrating 
spine -.sparing postures in figure 10.3), 
In chapter 5, 1 explained the load distribution among the tissues of the low back. Of inter- 
est here are the dramatic effects on shear loading a* a function of spine curvature, Recall the 
folio wEng facts: 

* A spine that is not fully flexed ensures that the pars lumborum fibers, of the longissimus 
thoracis and ilioeostalis Imnboruin are able to provide a supporting posterior shear force 
oh Uu- M„qiri iur \i-rrc:hi.i. u hik: kill llexion L"nm^ lln- iilU'i'SpuK ms h^iiiu- 1- 1 comply 




Figure Hkl (a) Flexing the 
torso involves either hip flex- 
ion or spine flexion, or las in 
this casej both, (h) A neutral 
spine with hip flexion. 
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Fi^Li re 8 .2 Th is wa refaou se worker es not bend- 
ing the knees, yet he is sparing the spine by 
electing to bend and rotate about the hips: the 
lumbar spine is not flexed. 



■00 



i 




Figure 3 J3 raj Hi ts fi refigh te r, wh o i s fl ex i ng h i s I umbar 
region, is loading the passive tissues and increasing his 
rtsk of back troubles, (b) Avoiding Full lumbar flexion 
and routing ahoul she hips spare the spine. 



to strain, Ein posing an anterior shear force on die 
,sii|tefLnr vertebra. For these reasons > avoiding full 
flexion not only ensures a lower shear load but also 
eliminates ligament damage. 
■ A hilly flexed spine is signifieandy compromised in 
its. ability to withstand compressive load, 

• Because herniation: of the nucleus through the 
annulus is. caused by repeated or prolonged full 
flexion, avoidance of the posture minimizes die risk 
of herniation (a cumulative trauma problem) and 
minimizes the stresses on any developing annul.ir 
bul^es. 

Olympic lifters provide a convincing examplt: of the 
efficacy of avoiding lumbar flexion in lifting. They lack 
their spines, in a neutral posture and emphasize rotation 
about the hips, (see figure S.4)j lifting enormons weights, 
without injury. The ambulance attendants m figure 8.5 are 
also sparing their backs by locking the lumbar regions to 
avoid flexion. 

Thus, the important issue is not whether it in letter m 
stoop lift i~>r to squat lift; rather, the emphasis should be 
to place the load close to the body to reduce the reaction 
(and die subsequent extensor forces and resukant 
compressive joint loading) and to avoid m fully 
flexed spine. Sometimes it may he better to squat 
to achieve this; in cases in which die object is too 
large u> fit between the knees, however, ii may be 




Figure 8 A World-class performances in Olympic 
weightlifting are characterized by a lumbar spine 
locked in neutral, where the motion takes plate 
about ihe hips and knees. Spme motion would either 
lead to injury, or an uncompetitive lift 
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butter to stoop, flexing at the hips but always 
avoiding full lumbar flejdon to iinininiize pos- 
rerior ligamentous involvernenr. (Kor a more 
eomprebensL% r c discussion^ sec McGd! ami 
Kipt)er.m 1W; McGill and Norman, 1987; 
Potvin, Norman, and McGill, 199L} 

Ye t fliu rther sp rnc - s] lan ivjM ft ] n £j j x >sr u rc ] s 
the golfer's lift, which reduces spine loads fur 
repeated lifting of I Ight obj ects (see figu re RTfi, 
Kinney, Callaghan, and McGill, I'-Wfi). 
Thc hips act hLs a fulcrum in a llied one le^ is 
canti levered behind with isometric muscle 
contraction, forming a counterweight to 
rotate the upper body back to upright 

What Are the Ways 
to Reduce 

the Reaction Moment? 

\ popular iii\imai*in is to hold ih<- load dos* 1 
eo rhe torso when handling material. 1 bis is hiomechanically wise; a reduced lever arm of the 
load requires lower internal tissue loads necessary to support the reaction moment. But phras- 
ing the principle in terms of holding the load close restricts the notion to lifting tasks. The real 
biomechanieal principle is to reduce the reaction momenr. When phrased this waj r j the principle 
now applicable to any task Lnvolvinjj; the exertion of external force. 
One technique is to expand die concept used by archers — termed the "archer 1 !! bow" by some 
of iny Australian col leagues (figure K.7), H ere > one arm pushes to support the reaction moment 
needed to support the upper body while the cither arm lifts the load. 

Directing the Pushing Force Vector Through the Spine 

When one is pushing a cart handle, directing the pushing; force vector through the lumbar spine 
reduces the reaction moment and therefore the tissue loads and spine load (see figure O). In 





Figure 8,5 These ambulant «. J attendants are attempting 
to spare their backs by avoiding lumbar flexion and lifting 
together to share the load. They have also been taught to 
lightly contract the stabilising abdominal musculature. 



F i pure 8, <? The go 1 1 er's I if t has been documented to m i n im ize low back mot ion a nd reduce the loads on the J u m bar ti ssue-s 
by using the leg, which is canti levered behind, as a counterweightr the hips act as a fulcrum to raise the torso to upright. This 
is an effective technique for repeated lifting of light objects from flooF level, (a) Most still adhere to the general instruction 
to bend the knees and keep the back straight, not (bl considering the spine-conserving benefits of the golfer's lift. 
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Figure 8 J fa.J The archer's bow (h) is translated to a lilting situation minimizing back loading. 
Opposing hand forces are shown with arrows, 

conrrasr t a pushing force directed through the shoulder would m ■! ht d:iv:ird through r li l- Lav 
back (sec figure 8 B ^ S u-by t this forms a transmissible vector. The large perpendicular distance from 
this force to die spine causes a high reaction torque diat is balanced by muscular force; diis imposes 
a eoiresponding compressive penalty nn the spine. Redirecting rhe transnnssiihte. vector through the 
low back reduces this moment aim (and the moment), the muscle forces h and the spine compres- 
sive load. Other examples from everyday activities include the technique used to open a door: 
directing the pi tiling force through trie low hack i k. sparing (see figure 8-10* tf-f). Another example 
is vacuuming, which is often reported by our patients to exacerbate their symptoms. Holding 
the bundle H> oV side creates a lur^c i no n lent arm for the pushing and pulling forces; this heav- 
ily loads the back (see figure 8,1 U), Directing the push and pull forces through the low Hack 
murium us the moment arm (see figure I I/?) and removes the loads chast ensure that patients 

remain patients! These examples demonstrate how this 
powerful but rarely practiced technique of skilled cmuml 
of the transmissible vector spares the back. 

Diverting the Force 
Around fhv Lumbar Spine 

Still other very effective ways exist to reduce the reaction 
moment, The next examples demonstrate how workers 
skillfully spare the low back by diverting forte around 
rhe lumbar region when lifting. The workers li firing rhe 
shaft in a paper factory in figure 8.12 are minimizing the 
reaction moment by lifting die shaft with their thigh (by 
plantar flexing the root). In this way the weight of rhe 
shaft is directed down the thigh to the floor, lifypassing 
the upper body linkage and spine. Prior to redesigning 
rhe job, the workers had to lift the shaft with arm forces, 
causing low hack problems ant! motivating our involve- 
ciM Figure S. 1 3 r * through r ¥ illustrates how a worker 
cm perform the same maneuver to lift a parienr. Observe 
that the lifter is pulling the patient's pelvis onto his thigh 




Figure 8 ,6 Pu shi ng through the hands but direct- 
ing the force vector to pass through the low back 
minimizes the low back moment (and minimizes 
the muscular loads}. 
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Figure- If. 9 ($} Pushing or pulling, forces [hat pass by the spine with a large moment arm ensure a 
high moment and corresponding high muscle forces and spine loads, ft? J Pushing forces directed 
ihrough me low back minimize the moment and spine load. 




Figure H.10 fa/ Opening a door by directing hand forces through the low back spares the spine. Many people are not 
laugh r how to optimize this principle during the performance of daily tasks, ft) Instead, they sacrifice their spine by open- 
ing the door so lha[ I he force is. lateral to the lumhar spine creating a twisting torque or (cj produce a pu fling force thai 
passes over I he low hack. 



and standi Eig itlmi<_ r u-itb the patient. (Note th at patient lifts eannot (m: perforined with universa.1 
technique since silt patients are different and can offer variable assistance ) Minimal torces are 
tTiinsiTiitTecl down ihe spine. Shoveling snow by resting the forearm on the thigh involves the. 
same spine -sparing principle (see figure 8.14, 
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Figure B.11 U) Vacuuming is often reported as prob- 
lematic for bad backs. The transmissible vector in this 
example has a large moment arm with respect to the back 
and requires large twisting torque forces (causing pain). 
(bi The transmissible vector is directed through the low 
back, minimizing the load and the pain and enabling 
vacuuming. 



Figure &.t2 This task requires a worker lo lift a heavy 
shaft while another worker slides on a core from the end. 
A high incidence of back troubles motivated our consult- 
ing recommendation to install a bar for the fool, which is 
plantar flexed to raise the shaft now supported on ibe thigh. 
The forces now transmit directly down ihe le^ completely 
bypassing the arm and spine linkage. 






Figjure 8 A 3 fa J Lifting the patient can be performed with minimal loading down ihe spine provided ihe height of I he seat 
is cfoSe to the height of the lifter's thigh when in a squat position, (b) The patient's pelvis is pulled and slid onto ihe lifter's 
thigh, and (v) then the lifter stands up,, hugging the patient s pelvis and minimizing the forces Lip the arms and down the 
spine. This spine-sparing technique is reserved for patients who are able to stand. 
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Figure ti.I4 fj-J Shoveling snow with a lar^e moment arm for the load on the shovel loads The 
hack, ih} Rolling l he ami on Ebe thigh directs l he forces to l he ground, bypassing the arm and 
spine linkage. 



A Note on Pushing and Pulling 

Our studies comparing the expert techniques or' firefighters versus graduate s-tudents. were 
noted in chapter S. Specifically, for tasks such as hose pulling, the firefighters braced the body 
mid pulled the host: with the force vector travel ins? through the low back to minimize lumbar 
loading (see figure Some of our recent work documenting the techniques employed hy 
hospitaf workers when they transfer patients highlighted once again this important technique 
i Mcdi'l :ii';i Kavck\ ^ < i ' ■ .-■ > . i )n occasion in cl ion- re 1. 1 1. 1 L" i i " u dcviceh arc placed underneath the 
patients that need to he transferred, Pushing and pulling by the provider are then applied to the. 

patient. Even with the friction -reducing devices^ 
the principle of directing the hand forces through 
the lumbar spine is a very important, component 
in minimizing spine forces 

Reducing the Load 

Finally, workers use skilt to reduce the actual load 
and hand forces when Sifting large objects. Some 
tasks can be performed by lifting only half of the 
object at a time. For eomple i when If lading !ong 
logs onto the back of a truck, a worker could lift 
just one end (effectively handling only half of the 
full weight of the log) and place it on the bed, 
The worker could then walk around to the other 
end of tin- Iol; and I li while vidiiijj die Iol> iuiuj 
the bed (see figure 8,16), Kach lift is half of the 
total load. A suLjuence of unloading a refrigerator 
demonstrates the same technique; the full weight 

of the object is never lifted (see figure 8.1?, a-/)! 

Figure 8.15 D i recti ng the pull frig forces th rough the Sow The worker li fting the mi ni -refrigerator {shown 
I jack helps to minimize spine forces. Spine posture ineutralj In figure SJ8 r a-b) tilts it up onto an edge, rais- 
and whole-body posture (to reduce the reaction moment J ing its center of gravity together with the initial 
are afso important variables for injury avoidance. lifting height. Lifting from this higher starting 
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Figjure 8,1 6 fhts gir] load^ (he log into the tuck by lifting only half ils weight at a time, Hrst she 
lifts one end onto the truck Tben she I fits, the other end and slides the log utho the bed, 




Figure IK17 This worker unloads the refrigerator, from l he trailer without having to lift its full weight. f|J He ■"walk** the 
refrigerator on its comers to the edge of ihe trailer, where he balances it over the lip of the bed, (b) Ne*t, he sfides the 
refrigerator down l he irailer s taiFgale. (t) He walks l he refrigerator dear of ihe nailer and leaves 11 standing upirighr while 
he retrieves the doily, fd f oj He pushes, one edge of l he refrigerator up fuM enough to sEide the dolly under it. (f) Finally, 
he and a coworker tvhed ihe .lpriliame away. 



position reduces the necessary moment. The concept of minimising rhe reaction moment is 
much more robust than simply tcflinjjr people to hold the load close to the body. 

Should One Avoid Exertion Immediately 
After Prolonged Flexion? 

Recall iliat prolonged flexion causes both ligamentous creep and a redistribution, of the nucleus 
wirhin the annultis (see chapter 5). In this way the spine tissues; have a loading memory. Further, 
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evidence from Jackson and colleagues (200 1 ) suggests that prolonged flexion 
modifies the extensor neurological response and causes muscle spasming 
at least until the ligamentous creep has l>een restored. In this case it was 7 
hours! Spine stability would be coinproniiscd during this period., and the risk 
nf annul us damage remains temporarily high r Lf possible, after prolonged 
stooping or sitting activities > people should spend time standing upright 
before attempting more strenuous exertions. For example, it would be very 
tin wise fbr the gardener in figure & 19 to stand and lift a hag of peat moss or 
tor the shipper/receiver in figure 8_2{) to rise and immediately begin load- 
ing pallets, I low long should one wait before performing an exertion ■ Data 
from Twomey and Taylor { 1 derived from cadaveric spines suggest that 
age delays recovery of the spinal tissues. iMcCiill and Brown (1992) noted 
that residual laxity remained in the passive tissues even after a half hour of 
standing following prolonged flexion — although the lie* ion was extreme in 
an occupational context. At least 50% of the joint stiffness recur ned. after 2 
minutes of standing following the. session of prolonged flexion. 

As noted in chapter 5, because the mechanics of die joints are modulated 
by previous loading hisroiy : one should never move immediately to a lifting 
task from a stooped posture or after prolonged sitting, Rathcr s one should 
first stand, or even consciously extend die spine, for a short period. Obviously, 
people in certain occupations such as emergency ambulance personnel cannot 
follow this guideline. They arrive at an accident scene without the luxury of 
time fro warm up their backs and may have to perform nasty lifts — such as a 
J Hi) kg heart attack victim out of a bathtub! For these individual s h the only 
strategy is to avoid a fatly flexed spine posture while driving so that the spi ik- 
remains best prepared to withstand the imposed loads, This may be done wills 
acci:nui;m*d lumbar pads in rhe ambulance seats and with worker training, 

Should Intra-Abdominal Pressure (IAP) 
Be Increased During Lifting? 

Generally the answer is no: At least IAP should not be increased consciously. 
RcjcnH "he dis«;u?,si*m mju-ludinu iJim Jnes not reduce spine loading 
hut does act to stiffen it against buckling. By successfully completing the 
rehabilitation training" advocated in the final section ol tins book, people can 
train their breathing and TAP to be independent of exertion. In this way 
any specific instructions regarding breathing and exertion become moot 
points. In most eases TAP will rise naturally, and no further conscious effort 
is required, 

A final caveat is required here. Very strenuous lifts, if they must be per- 
formed, will require the buildup of LAP to increase torso sti ffnuss and ensure 
stability fCbolewicldJuluruT and McGiU t 1 999). On the other hand, we know 
that a substantially uuTt:-,Ls<.:d im rathoraeic pressure (as occurs with lifting) 
will compromise vent jus return (MantysaarL And la, and Peltonen f 1984), 
Further, breath holding during exertion raises bodi systolic and diastolic bkn>d 
pressure (HasJam et a I., l^8S)i which can he a concern for some, Blackout 
is nor uncommon in strenuous lifting even trKiugh it is not clear which mechanism is respon- 
sible (MacDoLigall et al. T 1985). Reitan (I*M1) proposed that blackout may be due to elevated 
central nervous system fluid pressure (IAP also raises cenmal nervous system fluid pressuiL in 
the spine and up to the head)> whereas Hamilton. Woodbury, and Harper (1 V44} proposed that 
an increase in cerebrospinal fluid pressure might actually serve a protective, function (i.e., the 
consequent decrease in transmural pressure across the cere bra J vessels could actually decrease 
the risk of vascular damage). At this point, given these issues and a lack of fail understanding, 
moderate IAP eh ay be warranted with the understanding of the negative side effects. ]'\trcme 
lilting efforts involving conscious increases in JAP should not be performed ai work. 




Figure B, 1 8 { a J This main lifts 
the mini -refrigerator by t i I ( i ng 
it up onto an edge, raising 
its center of gravily together 
with ihe initial lifting height. 
(h) Lifting from l his higher 
stalling po&iiinn reduces ihe 
necessary moment so trie 
man can reach ihe standing 
position without damage to 
his hack. 
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Figure 8,19 This gardener would 
be Unwise to stand and immediately 
lift a heavy object after spending a 
long period of Eime in a stooped 
posture. Rather, standing for a brief 
period and even extending will 
prepare the disc and posterior pas- 
sive tissues to reduce the risk of 
injury. 




Figure H.20 Thts shi ppor/recei ver's 
work is charade ii zed by peri wis 
of sirring followed immodiarely by 
lifting when a I ruck pulls up En ihe 
loading dock. Again, standing and 
waiting tor a few minutes prior to 
the exert ions will reduce l he risk 
d injury. 



Are Twisting and Twisting Lifts 
Particularly Dangerous? 

While several researchers hav* icEt-ndfi^d twisting of did trunk as a 
factor in the incidence of occupational low buck pain (Frymoyej et 
al. r 1985; Troup ct ah, 1981), the mechanisms of ri h k require some 
explanation. The kinematic act of twisting has been confused in the 
literature with the kinetic variable of genera ring twisting torque* 
Twisting torque in the torso can be accomplished whether the spine 
is twisted or not. 

Generally, twisting to moderate degrees without high twisting 
torque is not dangerous, Some have hypothesized based on an inertia 
argument that twisting quickly will impose dangerous axial torques 
up- hi jii'iik in h ■ a\ial I'diiiUun i>J ihi in ink ,i\ -1:;; i ml ijh^ ul in« u:ur. 
Farfan and colleagues (J^/0) proposed that twisting of the disc is the 
only way to damage the collagenous fibers in the annul us lea di tig to 
failure. They reported that distortions of the neural arch permitted 
such injurious rotations. Shirazi-Adl and colleagues ( 1986) conducted 
more detailed analyses of the annulus under twist, They supported 
KarfwA contention thai twisting indeed can damage the annulus at 
end range hut also noted that twisting is not the sole mechanism of 
annulus failure. In contrast, some research has suggested that twi sting 
in vivo is not dangerous to the disc as the facet in compression forms 
a mechanical stop to rotation well before the elastic limit of the disc is 
reached; thus, the facet is the first structure to sustain torsional failure 
{Adams and Hutton, 1 9K I ), Tn a study of ligament involvement during 
twisting^ Ueno and Liu (1^87) concluded that the ligaments were under 
only negligible strain during a full physiological twist, However, an 
analysis of the L4-L5 joint by McGilL and Hood less (t°9f)) suggested 
that posterior ligaments may become involved it the joint is fully flexed 
prior to twisting. 

Generating twisting torque is a different issue (see figure 8.21. f t- 
h). Since no muscle Has a primary vector direction designed to create 
twisting torque, all muscles are activated in a state of great coco n trac- 
tion. This results in a dramatic increase in compressive load on the 
spine when compared to an equivalent torque about a norher axis. For 
example, data from a combination of our previous studies indicate 
that supporting 50 Nm in the extension axis imposes about 800 N of 
spinal compression. The same 50 Km in the lateral hend axis results 
in aljout 1400 N of lumbar compression, but 5()Nm in the axial twist 
axis would impose over 3000 N (McGill, 1997). Tt appears that the 
joint pays dearly to support even small a vial torques when extending 
during the lifting of a load. 

To conclude, the generation of axial twisting torque when the 
spine is unrwssted does not appear to be of particular concern. Nor 
is the act of twisting over a moderate range without accompanying 
twisting torujue. But generating high torque while the spine is twisted 
appears to create a problematic com bin aium ami ;i high risk. This is 
of particular concern in several sports and wilt he addressed in that 
context in chapter 1 ?. 



Is Lifting Smoothly and Not Jerking the Load Always Best? 

The answer to this question is no. We have all heard that a load should be lifted smoothly and not 
jerked. This recommendation was most likely made on the basis that accelerating a (oad upward 
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Figure R.21 r,i . fwisi ing ihi ■ lorsg i$ ixxurring an he same (irne I hat (wising torqut? i required 
which is a dangerous combination, (b) Generating the iwi sting torque but restricting the torso twisl 
is a spine-sparing strategy (and can also enhance performance). 



increases its effective mass by virtue of an additional inertia! force acting- downward together 
with the gravitational vector. However, this may not always be the case. It is possible to lift a load 
hytraii^furiinjT-ti^ iiuerirLjjii from an already niovine; sutmicnr. Autierand colleagues (LVOfr) showed 
that when coiiiparcd to novice lifters expert materials handlers m icHnies choose techniques that 
make more efficient use of momentum transfer, They do not always lift slowly and siu^xhly, 

Troup and Chapman ( I ^6-9) referred ro the concept of momentum transfer dining lifring t as 
has Grieve < 1 4 >75> s , who coined the term kinetic HfL Later, McCiJl and Norman (1985) docu- 
mented that smaller low hack momenta were possible in certain cases using a skill fill transfer of 
momentum. For example, if a load is awkwardly placed 1 perhaps on a wort table 75 cm ( in.) 
from the worker, a slow r > smooth lift would necessitate the generation pf a fafgB lumbar extensor 
torque for a lengthy duration of time — a situation that is most strenuous on the back. However, 
the worker could lift this load with a very low lumbar extensor moment or quite possrhly no 
moment at alL If the worker leaned Forward and placed his hands on the load, with bent elbows, 
the elbow extensors and shoulder musculature could Lhrust upward, initiating upward motion 
of the trunk to create both linear and angular momentum in the upper body fnore that the load 
has not yet moved). As the worker straightens his arms, coupling takes place between the load 
and the large trunk mass (as the hands then start in apply upward force on the load), transferring 
s< imt:, ur nil, of the body momentum to the load and causing it to be lifted with a jerk. 

This mechanic il solution was proven to l>c effective in a very early experiment in my research 
career. The person shown in figure $22, a and b, is demonstrating a task in which the load can 
be lifted slowly h which would load the low bsck unduly; or with the kinetic lift technique* which, 
if correctly performed, will spare the hack, (Obviously the markers on the model's tiody were to 
assist die nieasumni-ni nf body secnm-ril mnvcmcnU This hrjHv ^killed H inert vJ 11 tech niqiie 
is observed quite frequently throughout industry and in some athletic events such as competi- 
tive weigh tliJiang, hut it must he stressed that such lifts are conducted by highly praeticetl and 
skilled individuals. In most cases, acceleration of loads to decrease low back stress in the manner 
described is not suitable for the average individual conducting the lifting chores of daily living, 
The momentum -transfer technique is a skilled movement chat requires practice; it is feasible 
only for awkwardly placed lighter loads and cannot be justified for heavy lifts. 

Figure 8.23 shows another example of ski) [fid utilization of this principle by a worker per- 
forming the Ll sad d ie toss'" lift. 

xAaiothcr mechanical variable should be integrated into the analysis of a dynamic technique. 
The tissue property of viscoeJasticity enables tissues to sustain higher loads when loaded quickly 
(Burstein and Franked I $6$)* Troup (1977) suggested mat viscoelasticity may he used to increase 
the margin of safety for spine injury during a higher strain rate but cautioned that incorporatinu; 
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Figure Lilting an awkwardly placed load slowly and smoothly -as common wisdom sugpests, 

compromises the back. Rather, accelerating the torso first and then transferring die momentum To 
the load as the arms straighten can reduce the spine load.. Accelerating the lorso and iho load as 
l he same lime is poor technique that violates mis principle and causes higher spine- loading. These 
photogiaphs are from an e.irly ey penmen I in J he author's research eareei. 




Figure B.23 This lift is termed the "saddle toss" by some; the load fc swung with knee contact, 
minimizing muscular force in the back. 



rJi is principle into lifting technique should depend on the rate of increase in spinal .stress, rbe 
Bujjrnitude of peak stress, and its duration. Tissue visaK-lasticity means that under faster load- 
ing the tissues do not have time to deform, even when the magnitude of the force is high. In 
this way the critical levels of tissue deformation required to cause damage are not reached, But 
given variability in response to load rate among the tissues, and among in di vidua Is, no specific 
guidance pertaining to aerual load rate can be offered here. 

The ins-tnfcction to always lift a load smooth I v may not inva rials ly rest lit in rhe lea si risk of 
injury. Indeed^ it is possible to ski II fully transfer momentum to an awkwardly placed object to 
position tl k h j m\ c I c )se 1 1 > tli e I k uh ■ t| n if k 1 y a - 1 d i n i n i m ize thf extensor torqu e rf qu ired to su ppt jrt 
[lie load. In addition, tissue riscoelastirity can be protective during higher load rates. Clearly, 
reducing the extensor moment required to support the band load is paramount in reducing the risk 
of injur} - ; the best way to accomplish this is to keep the load as close to the body as possible. 
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Is There Any Way to Make Seated Work Less Demanding 
on the Back? 

Prolonged sining ispniblematic for the hack, Unfortunately; this fact seems to be rather unknown 
in the occupational world. Those recovering from back injuries who return to modified work 
lire often given 4 light duties" that involve prolonged si cling. While such duties are perceived as 
being- easy on the hack,, they can he for from that. Even though the returning worker States that 
she cannot tolerate sitting that in fact she would Im- more comfortable walking and even lifting 
she is accused of malingering, This is the result of a misunderstanding of silting mechanics. 

Sitting Studies 

Epidemiological evidence p resented by Vidennan., Nurminen, sand 1 roup (1 WO) documented die 
increased risk of disc herniation in those who perform sedentary jobs characterized by sitting. 
Known mechanical changes associated with the seated posture include the following: 

• Increase in intradiscal pressure when compared to standing postures (Nachemsorij, 1%6) 

• Increases in posterior annulus strain (Pope et al., 1977) 

■ Creep in posterior passive tissues. (McGill and Brown > I W2)> which decreases anterior- 
posterior stiffness and increases shearing movement {Schultz ct sal., 197°) 

• Posterior migration of the mechanical fulcrum (Wilder ei al n 1988), which reduces the 
mechanical advantage of the extensor musculature (resulting in increased compressive 
loading) 

These changes caused by prolonged sitting have motivated occupational biomechanics 
si i tempo tig 10 reduce the risk of injury 10 consider the duration of sitting as a risk factor when 
designing seated work. A recently proposed guideline suggested a sifting J mm of ?\) minutes 
without it break, although this proposal will be tested and evaluated in the future. 

Strategies to Reduce Back Troubles 
During Prolonged Sitting 

We have developed a three -point approach, for reducing back 
troubles associated with prolonged sitting: 

1 l Use an ergononric ehair t but use it properly (very few actu- 
ally do). Many people think that they should adjust their 
chair 10 create ihe ideal silting posture. Typically, they 
adjust the chair so thaE the hips and knees are bent to 40° 
and the torso is upright (sec fiirurc ti,24). In fact, this is often 
shown is the ideal posture in many ergonomic tenets. This 
may be the ideal sitting posture > but for no longer than H) 
minutes! Tissue loads must be migrated from tissue to 
tissue to minimise the risk of any single tissue's accumu- 
lating microtrauma. This is accomplished by changing 
posture. Thus, an crgonoinic chair is one that facilitates 
easy posture changes over a variety of joint angles (see 
figure H.25). Callaghan and Mefiill (200 1 a) documented 
the range of spine postures that pcopfe typically adopt to 
avoid fatigue. Some have three or four preferred angles. 
The primary recommendation is to continually change the 
settings on the chair. Many workers continue to believe that 
there is a single best posture for sitting and are reluctant 
ro try others. This is* of course* unfortunate, as the ideal 
sitting posture is a variable fine. Many employees need to 
be educated as to how to change their chairs and the variety 
of posture* that are possible, 




Y i^ur* 3 . 2 4 The * idea I si t r i n £ posture" 
angles at ihc hips, knees., and 
elbows;- dtsr.n br:rf in most rsrgonornir: 
guides. This fs erroneous; the Meal sit- 
ting posture is or>e that involves variable 
postures. 
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Figure 8.25 Good posture for prolonged sitting is a variable one that migrates the internal loads among 
the various tissues. Possible short-term sitting posture options are shown. 



2 r Get out of the chair. Hie re simply is no siibsrirure for getting nut or" the chair. Some 
guidelines suggest performing exercise breaks while seated, and some even go as far as to 
suggest flexing the torso in a Stretch, This is both nonsense and disastrous! L ^ rest break 
mis it consist oftbig opposite aerivity to reduce the imposed stressors. Kerens ion relieves 
posterior annul us stress, but inure flexion while seated increases it. The recommended 
break that we ha ve developed involves standing from the chatr and. maintaining a relaxed 
standing posture for 10 to 20' seconds. At this stage, some may choose to perform neck 
mils and arm windmills to relieve neck and shoulder discomfort front their desk work. 
Tl:e i ii.in : ik-jjfOve is Li> lru\ -.nine linvj In iillc-w ii.'i I s| r: luU" 'ii nl "l lie i: IK'k'U 1 - M'kI rah ICC 

annular stresses, The person then ibises the arms over the head (see figure 8,26, a-c) and 
then pushes the hands upward to the ceiling,. By inhaling deeply, one will find that the 
low back is fully extended. In this wtiy, the person, has taken the back through gen tit. and 
progressive lumbar extension without having been caught himhar position awareness or 
even understanding the concept. Some will argue that in their jobs. they cannot stand and 
take a break; they must continue their seated work These people generally will need to 
be shown the opportunities for sending. For example, they could choose to stand when 
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Figure 8.26 A strategy to thwart the accumulation of disc stresses from prolonged sitting is to fa J stand inote the forward 
antalgic posture often observed" after sitting), (bj reach for the ceiling, stretch pushing the hands upward, and (c) then 
inhale deeply- Thss sequence when performed slowly causes a gentle and progressive extension of the lumbar region and 
dispels the stresses of sitting. 



the phone rings and speak standing. With Ehese simple examples, they wifl soon see the 
opportunities to practice this part of good spine health. 

i. Perform an exercise routine at some time in the workday. Midday would he ideal, but 
first thing in rhe morning is unwise (see the previous guideline), A good general back 
1 1 j is.1 1 it l' I'i | "i ;*i l n \ -l" . : in ihi h-i nl i - i ■ >n ■ i:'ihs l*iok 

A couple <if athletic examples may provide insight as well. Athletes who sit on the bench 
between plays (figure 8.2 7n) arc often ill prepared for immediately resuming play (Green et a.3.„ 
2002), "lo help oomhai ibis problem, they should sit in taller chaire with angulated seat pans 
to reduce lumbar flexion (figure H.llfrj^ and stand and sometimes pace approximately every 
20 minuter In addition wc question the many exercises performed in a seated position, which 
appears to be for convenience rather than related to any scientific rationale, 

Some Short-Answer Questions 

The following questions and their answers provide further guidance to reduce the risk of occu- 
pation ai LBD. 

* Is it tiffffHtHe to niititrtitirt 0 mtsonabk level uf fit new? As Hindi as ue would all like 
io believe that higher levels of fitness are protective for low back troubles h is argued by some 
that the literature is not strongly supportive, This is tor several reasons. Many clinical trials in 
which the intervention was designed to enhance fitness actually chose exercises that inadver- 
tently increased the risk of spine damage. For example, many assumed that enhancing abdominal 
strentrth was a good idea and addressed this goal by prescribing sir- up exercises. Sir-ups wil! 
damage the backs of most people; they will nor increase back health. Perhaps this has acted as 
an artifact biasing the literature. Interestingly enough, the most recent studies that have used 
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Etgm fy} Sitting on the bench with a flexed lumbar spine is problematic because <t create* or exacerbates a posterior 
Am bulge tor both), and it causes loss of the benefits obtained from warming up the back, ih) Sitting in taller chairs with 
angled seat pirns will hetp extend the hip and lumbar spine. 



biomcehameal (Evidence to develop cxm-ises — particularly stabilization exercises — have shown 
ihei.ii to be efficacious. In fact, a review of preventive interventions by Linton and van Tulder 
(7(H) I) suggests that well -chosen exercise is the most powerful strategy for preventing occu- 
pational back troubles, A stable spine maintained with healthy and wise motor patterns, along 
wich higher muscle endurance, is protective. 

* Shontil one tiff or peifmwi extreme tamo In? ruling pbtfrfty after rising from hetl? The 
answer is no. Recall the biomechanics of daily changes in the spine as discussed in chapter 5: \'\vj 
discs art hydrophilic and imbibe fluid overnight. This is why peapJe are taller lit the morning 
than when they retire at nighc, This is also why it is much more difficult to bend in ihe morn- 
ing to put one's socks on compared to taking them off at nighty the bending stresses are much 
higher together with the- risk of disc damage. This diurnal variation in spine length and the 
a hi I icy co flex forward have been well document ii As previously noted. Snook and colleagues 
( 1 WH) found the strategy of restricting forward spine flexion in the morning to he very effective 
in reducing symptoms in a group of back-troubled patients. 

■ Should •n-ftrkeiy adopt a tiffing xtrYitegy To ?¥c?vf/f The Imnhttdmyat fasein ftr involve tht 
hyfhmalic amplifier mtcbaniytit? As noted on page f 5 in chapter 5, these mechanisms have been 
shown to be untenable proposals for sparing the back. White some still attempt to train workers 
fO invoke these strategies, rhu) have link- scientific support; in many cases such strategies wilt 
be detrimental. 

* Sbvubt the trunk mitsciikiture bftwvntr&tted fa stabilize the tpintr? As noted in chapter 
6, che answer is generally yes. On page ^7 in chapter 5, we noted that a (though such coactivation 
imposes some penalty on the spine. i£ is best for the spine to pay this price co enhance stiffness 
and resistance to buckling and to reduce the risk of other unstable behavior. How much cocon- 
traction is necessary? As noted in chapter 6 i in most casks, sufficient stability is ensured with 
very modest amounts of cocontractinn — somewhere in the magnitude of 5 % to of maximal 
voluntary- contraction for the abdominal wall and other antagonists, Achieving added stiffness in 
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i In lifting oi" a very light ohjeet> sneezing or tying one 1 s shoe. Of coursei where there h the 
potential for surprise loading or handling: nonrigid materia] or heavier loads, the coactivafion 
magnitudes must increase. Damaged joint tissues also require higher levels of cocon Emotion to 
avoid unstable joint behavior, ''The necessary tmbofooactivation would depend specifically on 
the task and the history of the individual Thus.. lighrJy coeontraeting the stabilizing muscula- 
ture upon exertion is a reasonable guideline; this should hecome automatic following stability 
training for rho.se who do not naturally stiffen. 

LBD Prevention for Employers 

Not all prevention strategies can be implemented solely by workers. Employers, too, play a 
role, which is oudined here. 

* Pr&vhle protective tfotbing tu facilitate the least: stressfitl postures. Workers sometimes 
handle material that. is too noxious or too hazardous to hold close to their bodies, For example, 
I have been involved in eases in whieh workers held dirty material away from the body to keep 
their shirts clean, unnecessarily loading their hack*. The solution was to provide protective 
coveralls to spare workers 1 backs. Leather aprons are helpful if ihe material is sharp to foster 
holding the load against the abdomen, as for sheet metal workers, for example. Knee pads are 
good for prolonged work on the jjtound. Once the emph >yerhas provided the necessary protective 
clothing, workers will figure out the variety of working postures that can spate their backs. 

• SbmtJd rtbdwrninal belts be pm m tribed tu mamatl materi- 
& handier*? Chapter 9 contains a thorough discussion of this 
topic, 

• Optimize wttM/ffm itwl ptu-fatght** vf rttw mttttt-ifti to 
spare ipfedbffftf' hacks,. Often in the design of the industrial process, 
sparing the joints of the workers is not considered. When consid- 
ering the industrial process^ see if handled materials can be bulk 
containerized. Can raw material b<: handled in smaller bundles or 
in bundles of different dimensions? Sometimes the matter is as 
simple as contacting the suppliers to find alternate ways of packag- 
ing material that foster handling in a way that conserves the body 
joints. The purchasing department plays a role in reducing injury! 
Bins and containers with folding" sides help if paxH uuist be picked 
out of the bin, 

• Encourage irnrkera lu practice lifting and work or task 
kinematic patterns. Some individuals simply do not move, bend, 
and wh >rk in ways that spare their spines. In a recent study (McGill et 
aL, 2G03)j we noted that workers who had a previous history of hack 
troubles were more likely to adopt motion patterns that resulted 
ill higher spine bads! Kinematic patterns need to be practiced and 
grooved into movement repertoires.. (Remember rhe expression 
quoted earlier; ^Practice does not make perfect; it makes perma- 
nent. 1 *) Some people must practice the sptJie-conservtng motions 
every day — especially before attempting a particularly strenuous 
task. Even high-performance athletes must continually regroove 
morion patterns daily. Some worker groups have attempted to fab- 
ricate their own job-specific Training and practice equipment, An 
example of this type of worker professionalism is shown in figure 
8.28, which shows a dummy sitting in a wheelchair. Nurses built 
the dummy From plumbing pipes and use it to practice one- and 
two-person patient lifts. This is part of the worker professionalism 
ethic noted in the following section. 




Figure 8,2:8 Nurses at a patient care 
facility fabricated this dummy to prac- 
tice their patient lifts— an exampte of 
worker professionalism. 
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• Optimize worker wot breaks. A properly designed rest break consists of the opposite 
activity (and dbjrtseqiiently the opposite loading) from that required by the job. For example, 
the sedentary secretary will \m I jest served by a dynamic rest break The wefden on the other 
hand, will be better served with rest and perhaps a stretch. The folio wing example illustrates 
a violation of this principle that caused grht Back in the t%% operators in a power plant 
monitored the process from a chair and had to respond to a vigilante buzzer on their desk that 
went off every 10 minutes {see figure 8.29, a-b). At each buzzer interval they would stand and 
walk an mnd iht.- coiurol pant 1 1 in akinp adjustments, fliere was no history of back troubles. The 
room recently became obsolete and was replaced with an updated control room. The design 
team for the new control room believed that rising from the chair every- ID minutes was too 
strenuous, Consequently, die job was redesigned m that the operators were able to stay seated to 
perform all operations r These operators worked 1 2 -hour shifts.. Having the workers sit for this 
period of time (and removing the need to get out of the chair regularly) resulted in an increase 
in low back problems. The power plant then hired a consulting group who recommended rest 
breaks that consisted of having the workers sit on an exercise hike. The workers" hacks failed to 
improve because the eon sultan ts failed to understand that the rest break must not exacerbate 
or replicate the forces of the job. In this case, sitting on a bike was not a break from sitting on 
the job. 

■ Itrwfee workers in the ergmiottik pro€?x$. Design teams often neglect to consult with 
the expert on a particular job — the worker who has done it for years. Quite often the worker 
knows of a good solution, and ii is simpiy ; i in a tier nf lisi^iuu :,imJ fincilimuntr the inLuwen- 
rion. An added benefit, psychologists claim^ is that workers are more likely to comply with the 
intervention if they perceive themselves to be a major part of the solution, 

■ Defigrt xvvrfc to be- variable. As Several previous examples have documented, accumula- 
tion of tissue stress is thwarted by a change in posture,, loading, or activity Human beings were 
not made to perform repetitive work that emphasizes only a few tissues. Nor were humans 
designed not to be stressed. Research has established that tissues adapt and remodel in response 
to load (e r g, 3 bone: Carter, I^HS; ligament Woo, Gomez, smd Meson, I9S5; disci Porter, \992; 
vertebrae; Brinekiuann i Biggemann, and Hilweg, 1 Too little activity can he as problematic 
as too much. Knsiner and colleagues' study (2001) strongly reinforces the idea ho freuuendy 




Figure 8,29 (n) The first control room was built in thy 1960s and required the operator to stand every 10 minutes to 
respond to the vigilance buzzer and make an adjustment to me ana fog instrumentation. There were no reported back 
troubles, (hj This room was replaced with a new layout based on the designers' assumption that standing every 10 minutes 
was too strenuous ; the operators were able to sit for hours, A huge tow back problem emerged. 
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stated in this ttxi that the object of goad work design is not to make every job easier; in fact, 
s<imt- juhs sin mid l*e made man 3 , demanding for optimal health. In che Krismer study, students 
who reported low hack pain were distinguished from those who did nest by several risk factors. 
Two of those Factors were 

- watching TV or playing computer games more than 2 hours per day (sedentary") 
and 

- regularly going beyond personal limits in spoil activities (too much loading). 

Good occupational health from a musculoskeletal perspective is achieved when people perform 
a variety of tasks with well-designed nestactiviri.es, along with all of the traditional component* 
such as proper nutrition, sleep, avoidance of smoking, and so on. Design work to lie variable! 

As illustrated m the previous examples and guidelines, management plays a role in reducing 
back troubles in worker*, If is a mistake to think [hat management does not need to understand 
chi: science to justify specific injur)' prevention approaches. As we saw previously; injury preven- 
tion involves a diorough understanding of the industrial process the way in which goods and 
materials arc purchased, provision of protective equipment appropriate training, consideration 
of the costs and benefits of intervention, and so forth. Training or both workers and manage- 
ment ensures the best results. 

Injury Prevention Primer 

To use biomechanics to its Full potential in injury prevention, workers and employers must 
have a reasonable understanding of the concepts as we understand them today. Workers must 
be educated in. the biomechanically justifiable principle? described earlier using examples with 
which they arc familiar. Armed with the general principles, they can tackle any fob and devise the 
best jnim-coij serving strategies. The intention is u> enhance the industrial process and enable 
workers to retire in good health, The highlights of this chapter are summarized here; 

■ First awl foremost, design work and tasks that facilitate variety. Perhaps the single 
most important guideline should be diis: Done do too much of any one thing, Both too much 
and too littb loading are detrimental 

- Too much of any single activity leads to trouble Relief of cumulative tissue strains 
is accomplished with posture changes or, better yet. other tasks that have different 
musculoskeletal demands. 

- While the tasks of many jobs cannot be changed, the working routines and arrange- 
ment of tasks within a job can be designed srieniifically to incorporate this principle. 
Sometimes it is as easy as continually changing the sitting posture. 

■ Daring all loading tasks, avoid a fiflfy fbrxed or beat spine and rotate the trunk toting 
the hips (ptrstning a aratntl am -e hi ihv vpiw) t thing this has the fallowing htwvfito; 

- Disc herniation cannot occur, 

- Ligaments cannot be damaged, as they arc slack 

- The anterior shearing effect from ligament i n volvement i s mi mini VjC.t I, a n 1 1 fhe posterior 
supporting shear of lilt m uncuI .iilj! _ c is Minimized. 

- Compressive testing of lumbar motion units has shown increases in tolerance with 
partial flexion but decreased ability to withstand compressive 'oad at fttll flexion, 

* Daring lifting, cboasr a pastam to minimize the miction torqae on the Itrw back (vFtber 
sitwp or squat or somewhere in between)* bnt keep the external had dose to the body, 

- A neuiral spine is still maintained, hyt sometimes the load can be brought closer to 
the spine with bent knees (suuat lift) or relatively straight knees (stoop lift), The key 
is to reduce the torque that has been shown to be a dominant risk factor. 

- When exerting force with the hands fir shoulders, try to direct the line of the force 
through the low back. This will reduce the reaction torque and the spine load from 
iiiLihi lr (.-nniriK-Mciii- 
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* Comnter fi* m&tsmis$$hk vector. Attempt to direct external forces through the Jow 
buck, minimi zing the momem ann ( which causes Jiiph rcmpti* ;md aiwhinp muscle forces. This 
principle should Ik; applied as people use pulling forces when opening a drxir, vacuuming, and 
performing other household chores. 

■ Use techniques that minimize the actual wight of the tout/ being bandied. The log- 
lifting example given in dds chapter demonstrates how Em* can lift an entire lug into the back 
of a truck by lilting no more than half of its weight at any point. 

■ Allow time for the disc nuchas in "equilibrate, " ligament*' to regain strffiiess^ and the 
mm Ife annalus to ei/nalize tifter prolonged flexion jr., sitting or stooping), and do not 
f/tfjtH-ditrtEly perform siren mas exertions r 

- After prolonged sitting or stooping 1 spend time standing. 

- Tim principle can be adapted to many special jobs, hut some workers do not have the 
luxury' of being able to take the Lime to allow die disc nucleus to equilibrate. For example, 
amhu lance drivers are often called on to lift heavy loads immediately after significant 
[KTiods of driving. A strategy for them is to use a lumbar support in their seat while 
driving to die incident so that their spines are not flexed. Thus it can be prepared for 
the load with minimal disc equilibration (parr of the process of warm-tip). 

* Avoid lifting or spine bending slnrrtfy ajier rising fivm ked. 

- Forward -bending stresses on r,he disc ami ligaments are higher after rising from bed 
compared with later in the day (at least 1 or 2 hours after rising), causing discs to 
I iconic injured at lower levels of load arid degree of bending. 

- This pri nei pie is problematic for some occupations, such a s, firetighting in which workers, 
are often aroused from sleep to attend a fire. Such workers should not sit in a slouched 
posture with the spine flexed when traveling to the scene but rather sit upright. In this 
way the spine will be best prepared for strenuous work without a warm-up, 

■ ■ -j | l~*. r J l-J. .■ t Im rjl r.-l JJ ftlJJ |.h|f]j Ji-njl.u ^Irjl^r IT.T /p"jj/lt fVPL'ilJ- 

rf cHTess titfti hiaunt^e ive spme tie/? aat &nf* ti^ui tusKS* 

- Lightly rocoruiract the stabilizing musculature to remove the slack from the system 
and stiffen the spine even during light tasks such as picking up a pencil. The exercises 
shown in eh a [iter [2 were chosen lo groove these motor patterns. 

- Mild cocontraaion and the corresponding increase in stability increase the margin of 
safety of mareii a I failure of rbe column under axial load. 

* Avoid tasting and the simultaneous generation of high tn-istiug torques. 

- twisting reduces the intrinsic strength of the disc annulus by disabling some of its 
supporting fibers while increasing the stress in the remaining fibers under load. 

- Since there is no muscle designed to produce onJy axial torque, the collective ability 
of the muscles to resist axial torque is limited t and they may not be able to protect the 
spine in certain postures. The additional compressive burden on the spine is substantial 
for even a low amount of axial torque production, 

- t.ieneraiing twisting torque with the spine untwisted may not be as problematic, nor 
is resting lightly without substantial torque. 

* Use wi&nienlum when exerfingfvree ftt redai'e the spine load (rather than always lifting 
slowly and smoothly, which ii- an ill 'founded recommendation for many ski/led workers). 

- This is a skill that sometimes need to lie developed. 

- This strategy is. dangerous for heavy loads and should not be used for lifting them, 

- It is possible that a transfer of momentum from the upper trunk to the bad can start 
moving an awkwardly placed load without undue low back involvement. 

■ Avoid prolonged sifting. 

- Prolonged sitting is associated with disc herniation. 

- When required to sic lor long periods, adjust posture often, stand up at least ever) 7 50 
minutes^ extend the spine, and, if possible, walk for a few minutes. 
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- Organize work ro break up bouts of prolonged sitting into shorter periods rhat are 
f letter tolerated by the spine, 

* tWwV/rr ttw best trst bmtk strategies. CustoxtiRg this principle for different job clas- 
sifications wit demands. 

- Workers engaged in sedentary wurk would be best served by (requeue dynamic breaks 
tea reduce [issue stress accumulation. 

- Workers engaged in dynamic work ma y he better served wi th longer and more restful 
breaks, 

■ Ptm-ide protective clothing to foster jtdnt-aiw&vmg pttstnres, Provide covers II s for dirty 
materia I handling, heavy aprons for sharp metals, knee pads for those who work at ground level, 
and so on. 

■ Pmilk? jitmt-atns&Tmg kinematic movement psoerm* Some workers need ro conm n dy 
regroove motion patterns* such as locking the lumbar spine when lifting and rotating about the 
hips. 

■ Maintain a seasonable level offitnesf K 

■ These guidelines may be roinbinedjbr special situations. For example, some people have 
difficult rolling over in bed when their backs art painful. Nearly all can be taught to manage 
then pain and still accomplish this* cast by combining a momentum transfer with the minimal 
twisting guidelines (see figure K_J(h rf-J). 











I 







Figure II .10 (totting over in bfcf can be taughi to Ebosr: who maintain lhai ti is loo painful an 
activity. The figure itlustrates rolling from the left side to the right, tej While lying on or>e side, the 
patient braces the torso so that the spine does not rwi&t in the steps that follow, <b} Then the upper 
arm and leg are raised together wilh the lower arm and leg prying off the floor, fc} thh is performed 
quickly enough to generate rnoitientum that will carry the patient through I he roll, (d) The pa Hen I 
should now be resting comfortably on the other bide. 
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A Note for Consultants 

Acting is a consul Lam, I have made many mistakes, some of which motivated the following 
tips, 

■ U on 'r fall t nto the trap of rhi n ki ng tha t you are the expert an rf rhat you know what i s best 
for die workers -(unless you hiive done the job for years yourself). Always consult the worker. 
Successful job incumbents have developed personal strategies For working that assist them in 
a\nuling tiui^Ui' and injury, Their insi^hrs ^re the resuli est 'thousand* of hours of per forming 
the lasl^ and they can he very perceptive, Try to aeeoinrnodate them, 

* Do not take the instructions for a specific worker verbatim from the preceding Injury 
Prevention Primer, Instead, explain the relevant biomechanics I principle in languor and ter- 
minology thsit are familiar to the worker. 

■ Do noi focus only on the most demanding tasks. Given the links among differ eiii tasks 
from a tissue load perspective, you can often ohrain better sol unions by comidering the full 
complement of exposures. In a similar vein, some consultants tcnil to focus on a single metric 
of risk (low back compression, for example) or rely on only a lew simple solutions, Tlie average 
ergonomist probably does not have the specific training necessary to achieve the best solutions 
for low back problems. Perhaps- I am biased since in recent years I am asked to consult only 
when consultants 1 poorly conceived ergonomic approaches have failed. I am requested to become 
involved when the company faces lawsuits or other issuer that have raised the stakes, Itemember 
that many solutions are neither simple nor unidimensionah regardless of your training. Use the 
Injury Prevention Primer as a checklist to evaluate whether potential exists for Ixtterand more 
comprehensive solutions, 

■ Do not focus exclusively on the musculoskeletal issue. Rathe r> look ft >r the ( mp( ) i tu ni tie s 
that lie in enhancing the industrial process. Any management board will recognize the worth 
of a consultant who makes the process more efficient produces a higher-quality product p or 
reduces injury compensation costs. 

* Movement is taught more effectively when it is considered a complex movement sldlf. 
Simply having an ^expert" (i.e M yourself) demonstrate more effective work Techniques will usually 
faiL Coaching the movement and motor patterns in an interactive session leads to performance 
enhancement and greater safety (see Met rill, 2006, for a full overview of this process). 

* Fin ally, never make a recommendation that is nor feasible to implement, whether for 
monetar\ r or any other reasons. 



Reducing the Risk in Athletes 

Athletes and teams from a variety of sporting activities — from world-class professionals 
to ^jn^teurs— have sought my advice m & low back injury consultant. In many case* their 
had hacks were endi ng their careers. But as we have seen in preceding chapters, success 
in dealing with bad backs requires efforts to address both the cause of the troubles and 
thy must appropriate rehabilitative therapy. In irony eases, addressing the cause meant 
that athletes had to change their technique. Without exception, they had to change the 
way ihey trained. Their backs were breaking down for a reason! As loads applied to the 
body reach world -d^ss levels, technique must be impeccable. Techniques lor nirhletes are 
welt covered in my other textbook, Ultimate Back Fitness and Performance (2006). 
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CHAPTER 9 

The Question 
of Back Belts 



This chapter will focus on occupational belt use (sec- figure 3 J » «4g for ihe typical types of belts 
used ant! tested). Readers interested in athletic use df beta are referred to Uhmiate Bfick Fitness 
Mtd Psfjimffatire (McGill T 2006). After rending this chapter^ you will be able to make decisions 
Ofi who should wear a belt and to justify the guidelines for their prescription and use. 

Issues of the Back Belt Question 

The average parent must he confused when observing both Olympic athletes- and hack-injured 
people wearing abdominal belts. Several years aijo 1 conducted a review of the effects of belt 
wearing (McGi II, 1993) and summarized my findings sis follows: 

1'hi:.^- n j have never had a pre\ i mi si Kids injury appear to have no additional protective 
heneht from wearing a he.it, 

■ it would appear that those who were injured while wearing a belt risk a more severe 
injury than if belts were not worn. 

■ Bel ts appear to give people the perception they ea n 1 i ft more and m ay in fact enable them 
to lift more. 



• Belts appear to increase Intra-abdominal pressure and blood pressure. 




Figure 9,1 Severn! types of belts are worn and have been Tesled: fa J the learner beFl, fbJ The inflatable cell belt, and 
fo l ho stretch hell with suspenders are a few examples. 
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In summary, given the assets and liabilities of belt wearing* I do not recommend them for 
healthy individuals either in murine work or in exercise participation. However, the temporary 
prescription of IjcSts may help some individual workers return to work. 

Manufacturers of abdominal belts and lumbar supports continue to sell them to industry in 
the absence of a regulatory requirement to conduct controlled clinical trials similar to those 
required of drugs and other rnedicaJ devices. Many claims have been made as to how abdominal 
belts could reduce injury. For example, some have Suggested that belts perform the following 
Junctions; 

* Rein i nd people to lift p roperly 

* Support shear loading on the spine that results from the effect of gravity acting on the 
handheld toad and massol'ihe upper body when the trunk is Hexed 

* Reduce compressive loading of the lumbar spine through the hydraulic action of increased 
I'll I" .! abdominal pressure associated with belt wearing 



Provide warmth to the lumbar region 



• Enhance proprioception v i a 
■ Reduce muscular fatigue 

These ideas, among others will be addressed in this chapter. The fb! lowing section addresses 
the science regarding the occupational use of belts and concludes with evidence-phased guidelines. 

The 1994 National Institute for Occupational Safety and Health (NIOSII) report, * Work- 
place Use of Back Belts," contained critical reviews of a substantial number of scientific reports 
evaluating hack belts. The report concluded chat back belts do not prevent injuries among 
uninjured workers nor are they protective for those who have not been injured, While this IS 
generally consistent with our position stated in 1 993, my personal position on belt prescription 



Scientific Studies 

In the following sections I have subdivided the scientific studies into clinical trials and those 
thai examined biomechanics!!, psychophysical, and physiological changes from Iwk wearing, 
Kmalh", based on tIu- <_■•. i^nce, I rttvimmt iuI tnudelines for rhe prescription and use of belts in 
industry. 

Clinical Trials 

Many clinical trial*; reported in rhe literature were fraught with methodological problems and 
suffered from the absence of a matched eonc.ro] ^roup, no [HKttrial follow-up 1 limited trial 
duration, and insufficient sample size. As a result, I will review only a few clinical trials in this 
chapter, while acknowledging the extreme difficulty in executing such trials-, 

■ ll&btb and Srlnztfrtz (1990) divided SI male warehouse workers into three groups: 

- A control group {n ■ 27) 

- A group that received a half-hour training session on lifting mechanics (tt = 27) 

- A group that received a I -hour training session and wore low back orthoses while at 
work for the sulwequent six months (*? ■ 27) 

Instead of using more common types of abdominal belts, this research group used orthoses 
with hard plates that were heat molded to the low back region of each individual. Given the 
concern that belt weaving was hypothesised to cause the abdominal muscles to weaken, the 
researchers measured the abdominal flexion strength of the workers both before and after the 
clinical trial The control £toup and the training-only group showed no changes in abdominal 
flexor strength or any change in lost time from work The third group, which received training 
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and wore the belts* showed no change in abdominal flexor strength or accident rate buL did 
sbd* a decrease in lost time. However, the increased benefit appeared only to weenie to those 
workers who had a previous low back injury. Van Poppel and colleagues (1 99#) reached a similar 
conclusion En a study of 312 airline baggage handlers. 

* Rettddl ami colleagues (1992} studied 642 luggage handlers who worked fur a major 
airline. They divided the baggage handlers into four treatment groups: 

- AiuTim>lgrOi]p{rt-24B) 

- A group that received only a belt (n = 57) 

- A group that received only a 1 -hour hack education session (n ■ 122) 

- A group that received both a belt and a 1-hour education session {it ^57} 

The trial lasted ei^ht months, and the belt used was a fabric weigbtlifting belt 15 cm (6 iti.) 
wide posteriorly and approximately 10 cm (4 in,) wide anteriorly, The researchers noted no 
significant differences among treatment groups for total lumbar injury incident rare, lost work- 
days, or workers' compensation rates. Although the lack of compliance by a signifkunt number 
of subjects in the experimental group was cause for consideration, those who began wearing 
belts hut discontinued their use had a higher lost- day ease injury incident rate. In tact n 5H% of 
workers, belonging to the belt- wearing groups discontinued wearing t*elts before the end of the 
eight-month trial. Further, an increase in die number and severity of lumbar injuries occurred 



■ Mkcbcff rfwJ colleagues (1994) conducted a retrospective study administered to 13 Id 
workers who performed lifting activities in the military. While this study relied on self-reporred 
physical exposure and Injury data over six years prior to the study* the authors (lid note that the 
costs of back injuries' that occurred while workers were wearing a belt were substantially higher 
than the costs of injuries sustained while not wearing a belt, 

■ J&hht and colleagues (l996) f in a widely reported study, surveyed the low hack injury- 
rates of nearly 36,000 employees of the Home Depot stores in California from 1989 to 19H 
During this study period the company implemented a mandatory back belt use policy. Injury 
rates were recorded. Even though the authors claim that belt wearing reduced the incidence 
of low back lEijury r analysis of the data and methodology suggests that a much more cautious 
interpretation may be warranted, lire data show that while belt wearing reduced the risk in 
younger males ant) [host: older than 5 5 years, heir wearing appeared to increase the risk nf low 
hack in |un' for men working longer than four years by 27% (aldiough the large confidence 
interval required an even larger increase for statistical significance) and in men working less 
fhan one year. However, of greatest concern is the lack of scientific control to ferret out the true 
belt-wearing effect; There was no comparable non-belt- wearing group, which is critical given 
that the belt- wearing policy was not the sole huervenuou at Home Depot. For example, over 
the period of the study* the company increased the use of pallets and rbrklifts, installed mats 
for cashiers^ implemented postaecident drug testing, and enhanced worker training. In fact, a 
conscious attempt was made to enhance safety in the corporate culture. This W&S a large study, 
and the authors deserve credit for the massive data reduction and logistics. However, despite the 
title and claims that hack belts reduce low back injury, this uncontrolled study cannot answer 
the question about the effectiveness of belts. 

* IVa^eli ttriil colteugins (2000), i n response to the huge promotion of the Kraus a nd col- 
leagues pa per by some interest groups and the studies methodologies t concerns, replicated 
Kraus and colleagues" work under the sponsorship of NIOSH. These researchers, however, used 
better scientific control in order to evaluate only the effect of the belts. Surveying over 13,873 
employees at newly opened stores of a major retailer, in which 8° stores required employees to 
wear belts and 71 stores had only voluntary use, they discovered thac rhe belts failed to reduce 
the incidence of back injury claims. This study has more power than the Kraus study. 

In summary, difficulties in executing a clinical trial are acknowledged. The Hawthorne effect 
is a concern, as it is difficult to present a true double-Wind paradigm to workers since those 
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w!hi receive belts certainly know so, In addition, logistical constraint* on duration, diversity in 
occupations, and sample size are problematic. However, the data reported in thehetter-executed 
clinical trials cannot sup|Hirt the notion of universal prescription of belts to -hi]! workers involved 
i ei manual handling of materials to reduce die risk of low back injury Weak evidence suggests 
that those already injured may benefit from belts (or molded orthoses) with a reduced risk of 
injury recurrence. However^ evidence does not appear to support uninjured workers' wearing 
belts to reduce the risk of injury; in fact, the risk of injury seenis to increase during the period 
following a trial of bell wearing. Finally, some evidence suggests thai rhe cost of a back injury 
may be higher in worker* who wear belts than in workers who do not. 

Biomechankal Studies 

Researchers who have studied the biomechanics I issues of belt wearing have focused on spinal 
forces, intra-abdominal pressure (1AP} P load, and range of motion. Thtr most informative studies 
are reviewed in this section. 

IAP and Low Back Compressive Load 

Fin jnu-L-h iini 1 1 lUnhi-h ■ i w i ■ examined changes in \\:\\ back Liiieiiiaik*!! ;i nd pi >sun in addition 
to issues erf specific tissue loading. Two studies in particular (Hannan et al. + 1989, and Lander, 
Hundley, and Simonton h 1992) suggested that wearing an abdominal belt can increase the 
margin of safety during repetitive lifting, Both of these papers reported ground reaction force 
and measured IAP while subjects repeatedly lifted barbells, liorh reports observed an increase 
in IAP in subjects who wore abdominal belts. These researchers assumed that IAP is a good 
indicator of spinal forces, which is hittbb a mu' minus. Xonei huk^s, ihey assumed the higher 
recordings of LAP indicated an increase in low back support that in their view justified the use 
of belts. Neither study measured or calculated spinal loads. 

Several studies have questioned the hypothesised [ink between elevated IAP and reduction 
in low back load. For example, using an analytical mode' and data collected from three sub- 
jects lifting various magnitudes of loads, xMctiill and Norman \_1987) noted that a buildup of 
IAP required additional activation of the musculature in the abdominal wait, resulting in a net 
increase in low back compressive bad and not a net reduction of load, as researcher's had pre- 
viously thought. In addition, Nacheinson ami colleagues (19H6) published some experimental 
results that directly sneasuted in t radical pressure during the performance ofValsalva maneuvers, 
documenting that an increase in IAP increased, not decreased, the low back compressive load, 
Therefore^ the conclusion that an increase in IAP due to belt wearing reduces compressive load 
on the spine seems erroneous. In faet h such an increase may have no effect or may even increase 
the load on the spine. 

tAP And Low Back Muscles 

Several studies have put to rest the helief that IAP affects low back extensor activity. AlcGill 
and colleagues (1990) examined IAP and myoelectric activity in the trunk musculature while 
six male subjects performed various types of lifts either wearing or not wearing an abdominal 
bult (a stretch belt with lumbar support stays, Vclcro tabs for cinching, and susjwn tiers for when 
subjects were not lifting). Wearing the belt increased LAP by approximately 20%. Further, the 
:Hi[lviih hypmhn/hkul yh\u if belts were able to help support some of the low back extensor 
moment, one would expect to measure a reduction in extensor muscle activity. There was no 
change in activation levels of the low back extensors or in any of the abdominal iiiuscks (rectus 
abdominis or obliques), 

In a study that examined the effect of belts on muscle function, Reyna and colleagues ( 1 995} 
examined 22 subjects for isometric low back extensor strength and found belts provided no 
enhancement of function (although ibis study was only a four-day trial and did not examine the 
effects over a longer duration). 

Ciriello and Snook (1*W) examined 13 men over a four-week period lifting 2 1 ) metric 
tonnes in 4 hours twice a week both with and without a belt. Median frequencies of the low 
back el eetjoniyographie signal (which is sensitive to local muscle fatigue) were not modified by 
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the presence or absence of a back belt, strengthening the notion that belts do not significantly 
alleviate the loading of back extensor muscles. Once Again, this trial was not conducted over a 
very long period of time;. 

fiefe and Sa/ige of Motion Restriction 

In 1^86 Lantz and Schuliz observed the kinematic range of lumbar motions in subjects wearing 
low back ["ji'ilmH'S- While they studied corsets and braces rather than abdominal belts, they did 
report restrictions in the range of motion, although the restricted motion was minimal in the 
flex ion plant:. 

Ill another study McGill, Seguin, and Bennett tested flexibility and stiffness of the 

hun bar torsos of 20 male and 15 female adu ft subjects, both while they wore and did not wear a 
1 D cm (4 in.) leather abdominal belt. Tint stiffness of the torso was significantly increased alwjut 
die lateral bend and axial m ist axes with wearing belts but not when subjects were rotated into 
full flexion, Thus, these studies seem to indicate that abdominal belts help restrict the range 
of motion about the lateral bend and axial twist axes but do not have the same effect when the 
torso is forced in flexion, as in an industrial lifting situation. 

Pasture of the lumbar spine is an important issue in injury prevention for several reasons. In 
particular, Adams ami Hutton (1988) showed that the compressive strength of the him bar spine 
decreases when people approach the end range of motion in flesion. Therefore, if belts restrict 
the end range nf motion, one would expect the risk of injury to be correspondingly decreased, 
While the s pi i :i 1 1 1 1 u." n en I stiffening action of belts occurs about the Literal bend and axial twist 
axes, stiffening about the flexion -extension axin appears to l>e less. 

A more recent data set presented by Granata n M arras, 41 nd Davis (1997) supports the notion 
that some belt styles are better in stiffening the torso in the manner described previously — 
namely, the taller elastic belts that span the pelvis to the rib Cage. Furthermore, these authors 
also documented that a rigid orthopedic Mi generally increased the lifting moment while the 
elastic belt generally reduced spinal load. Nevertheless the authors noted a wide varietv in sub- 
ject response. {Some subjects experienced increased spinal loading with the clastic belt.) Even 
in well -controlled studies, belts appear to modulate lifting mechanics in some positive ways in 
some people and in negative ways in others. 

Studies of Belts, Heart Rate, and Blood Pressure 

Hunter and coKeagnes ( I'JHP) monitored the blood pressure and heart rate of five males and one 
female performing dead! ifts and one-arm bench presses and riding bicycles while wearing .nul 
not weari ng a 1 0 an (4 in.) weight belt. Subjects were requi red to hold in a lifting postu re a load 
of M)% of their maximum weight in the dead lift for 2 minufes. The subjects were required to 
breathe throughout the duration so that no Valsalva effect occurred. During the lifting exercise 
blood pressure (up to 15 mmHg)anrt heart rate were bodi significantly higher in subjects wearing 
belts. Given the relationship hetween elated systolic blood pressure and an increased risk of 
stroke. Hunter and colleagues (1989) concluded that individuals who may have cardiovascular 
system compromise are probably at greater risk when undertaking exercise while wearing back 

Subsequent work conducted in our own Laboratory (Ratacz and MeGilb 1996) investigated 
the blood pressure of 20 young men performing sedentary and very mild activities both with 
and without a belt. (The belt was the elastic type with suspenders and Vekro ni hs for cinching 

:u lln rr<ni:.! V ■_■ .n i i n-, |u- 1 I nnh^lnal bu^ L>l!i v. pi !u uirh increased diabolic l ! I 

pressure during quiet sitting and standing both with and without a handheld weight, during 
a tnudf rotation task, and during a squat lifting cask, Evidence increasingly suggests thai belts 
increase hlcKul pressure! 

Over the past decade f have been asked to deliver lectures and participate in academic debate 
on the bark belt issue. On several occasions occupational medicine personnel have approached 
me after hearing of the effects of belts on blood pressure and 1AP and have expressed suspicions 
th.LL lon^-tcnii belt wearing at their particular workpl ace may possibly be linked with more inci- 
dents of varicose veins in the testicles, hemorrhoids, and hernias. As of this writing, there has 
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been no scientific sand systematic investigation of tire validity of these siaggesiions. Radier than 
wait tor strong scientific data ro either lend support to these ideas fir dismiss rhem t it niay he 
prudent to simply state concern. This will motivate studies in the future to track the incidence 
and prevalence of these pressure-related disorders to assess whether they are indeed linked to 
belt wearing, 

Additional studies have examined the effect of belt wearing on other physiological phenom- 
ena. Bobickand colleagues (2001) reported lower mean oxy gen eonsuin prion while Parker and 
colleagues (2000} reported reductions in bug ventilation tidal volumes in groups with higher 
abdominal rat, but increased tidal volumes in groups with lower fat. Collectively these data 
would have implications regarding lower work rates during belt wearing, or modulated lung 
function that would impact performance, or both. Once again, the effect of belt wearing appears 
to depend on the characteristics of the individual worker, making it difficult to justify a single, 
universal belt-wearing policy or guideline. 

Psychophysical Studies 

Some have expressed concern that wearing belts fosters an increased sense of security that may 
or may not be warranted. Studies based on die psychophysical paradigm allow workers to select 
weights that they can lift repeatedly using their own subjective perceptions of physical exer- 
tion, McCoy and colleagues (1988) examined 12 male college students while they repetitively 
lifted loads from floor to knuckle height at the me of three lifts per minute for a duration of 
45 minutes. They repeated this lifting bout three times, once without a heir and once each wirh 
two different types of abdominal belts: a belt with a pump and air bladder posteriorly and the 
elastic stretch belt previously described in the McCiifl, Norman, and Sharratt (1 study. After 
examining the various magnitudes of loads that subject? had selected to lift in the three condi- 
tions, the researchers noted that wearing belts increased the load that subjects were willing to 
lift by appmsiniateSy 19%. This evidence may lend some support to the theory that belts give 
people a false sense of security, 

Summary of Pr escription Guidelines 

My earliest report on hack belts (McGiJl, 1993) presented data and evidence that neither com- 
pletely supported nor condemned the wearing of abdominal belts for industrial workers. After 
more laboratory- studies and field trials, my position (which has been implemented; by several 
governments and t^orno rations) has not changed, 

Given the available literature, it would appear that the universal prescription of belts (i.e., 
prnv-diiiLi belts m :dl wcji k-rs m industrial <iperatmii!. is 1 1-: n n die best imeiuM nf" n|nh:ilU 
reducing both the risk of injury and compensation costs. Uninjured workers do not appear to 
enjoy any additional benefit from belt wearing and^ in tact, may be exposing themselves to the 
risk of a more severe injury if they were to become injured. Moreover, they may have to con- 
front the problem of weaning themselves from [he belt- However, if some individual workers 
perceive a benefit from licit wearing, they should tie allowed to wear a belt conditionally hut 
only on trial. The mandatory 7 conditions for prescription (for which there should be no excep- 
tion) are as follows: 

* Given the concerns regarding increased blood pressure and heart ra te an d i ssues of 1 iabil- 
itVn all candidates for belt wearing should be screened for cardiovascular risk by medical 
personnel 

* Given the concern that belt wearing may provide a false sense of security; licit wearers 
must receive education on lifting mechanics (back school). All too often, belts are being 
promoted to industry as a quick fik to tlx- injury problem, Promotion of belts, conducted 
in this way> is- detrimental to the goal of reducing injury as it redirects the focus from 
the cause of the injury. Education programs should include information on how tissues 
become injuned P techniques to minimize musculo skeletal loading, and what to do about 
feehngs of discomfort to avoid disabling injury. 
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* Consultants and clinicians should not prescribe belts until they have conducted a fill! 
ergonomic assessment of the individuals job. The ergonomic approach should examine 
and attempt to correct rhe cause of the musculoskeletal overload and provide solutions 
to reduce the excessive loads. In this way, belts should only be used as a supplement for 
a few individuals, while a greater plant wide emphasis should be on the development cif 
a comprehensive ergonomics program. 

* Belts .should not be considered for long-tenn use, The objective of any sin all -stale belt 
program should be to wean workers from the belts by insisting on mandatory participation 
in comprehensive fitness programs and education on lifting mechanics^ combined with 
ergonomic assessment. Furthermore! consultants would be wise to continue vigilance in 
monitoring former belt wearers for a period of time following belt wearing, given that 
this period appears to he characterized by an elevated risk of injury 
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PART 111 



Low Back 
Rehabilitation 



Thts part of the book presents better rehab ilitaiiun practices based on 
the evidence di&cus&ed in previous t hdptt^rs. 
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CHAPTFR 1 0 

Building Better 
Rehabilitation Programs 
for Low Back Injuries 



The evidence presented in this book supports the estahlishinentof spine siahility first + followed 
(sometimes) by spine mohib'ry in some hack-minnd patients. Although a small proportion 
of patients need mobilizing in a local spinal region first, most patients — from those looking for 
functional enhancement and pain relief to athletes seeking performance enhancement— benefit 
from stabilizing the spine first. In fact, once stability is established and the pain resolves* many 
patients find that their mobility returns with no further intervention. 

Many people develop bad backs because of movement Haws, Lifting even extremely heavy 
loads can he accomplished safely hy athletes who have perfect form. But movement fl a ws cause 
repeated or prolonged loading that is abnormal for the tissue, so it slowly becomes pain hi L 
A helpful analogy is as follows; If you were to hit your thumb lightly, but repeatedly, mih a 
hammer, it would eventually become very painful. In fact,, soon the slightest touch would cause 
pain. This symptom magnification (H;ciirs because the tissues are h\ r pLTsciisitiz£d — not because 
of psychosocial modulators. The tissues are continually *hit with the hammer™ because of the 
aberrant motion and motor patterns. Parr ol the stabilization approach is to coned the aber- 
rant patterns to liter d!y ''take the hammer away/ Then the tissues beeome less sensitized, the 
repertoire of pain- free tasks increases, and nation returns. This is why it is essential to perform 
therapeutic exercise pain free- Presence of pain also leads to various substitution patrerns as 
the spine literally learns to^limp." These must be coireLtLtL and require pain -free motion. So, 
don't worry about the concept of restoring function too soon, This retards progress. Address 
the painful tissues and then work on function, 

livid ciicl- presented throughout this book is unanimous.^ A spine does not behave Jilce a knee 
or shoulder, and approaches that work with these joints art often not effective for back therapy 
Loading throughout the range of motion — which works well for joints in the e^treniuies— is 
the nemesis of many backs, at least in the eaxJy stages of rehabilitation- During this period, 
training tor strength is usually a mntcrproductivc. Unfortunately, the principles used in body- 
building pervade rehabilitation ^clinical wisdom," This approach hypertrophies muscle at ihe 
expense of developing functional motor and [notion patterns needed for optima! health. Jn this 
ehaptcr several general recommendations to maximize the chance for successful rehabilitation 
are discussed T followed by considerations of the stages of patient progression and guidelines fcj 
developing the best exercise regimen for each parienr. 

Our Five-Stage Back Training Prog ram 

We have developed a five -stage approach to back training that begins with our identifying faulty 
movement patterns and ends with the patients achieving ultimate: athletic pcrfbn nance readi- 
ness, Consider this the large picture/' as only athieres and people who perform demanding 
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tasks will complete all five stages. However, his important to understand the components and 
objectives of each stage* together with their order. Kor example patients may lis unknowingly 
folio win p a strengthening regimen (stage 4} without having successfully addressed perturbed 
motion patterns (stage 1 ). Doing so wiJl delay their recovery, or make them worse off. So when 
approaching the program, one must first ask. Is the objective pain reduction and rehabilitation 
of problems or is it athletic performance? 1 [ealth objectives demand a focus on motion and 
motor patterns, stability* and en durante to achieve low tissue loads and a low-risk environment. 
Performance requires more overbad, with an elevated risk naturally occurring. The trick in ihar 
case is to stay within the lowest risk possible. 1 ' 

While Li 1 1 five major Stages arc listed here, only the first three stages are appropriate for rcha- 
biliiauon and are addressed in this book. Rigorous strength, speed, and power training is only 
for those interested in enhancing these attributes They are not needed for the average person to 
have good back health. I have addressed this more athanced athletic training in detail in my book 
UUhrwtr Bttti Fit am ami {WjitrmtJta (2006), Here is a summary of all five training stages: 

* Stage 1 : Groove motion patterns, motor patterns t and corrective exercise. 

- Identify perturbed patterns and develop appropriate corrective exercise, 

- Address basic movement patterns through to complex-activity specific patterns. 

- Address basic balance challenges through to complex and specific balance environ- 
ments 

* Stage 2: Build whole-body and joint stability (focus on spine stability here). 

- Bui Id stahili ty whi Ic sparing the joi nts . 

- Ensure sufficient stability commensurate to the demands of the task. 

- Transfer the patterns into application during daily activities. 

* Stage 3 : I nc r^a \i? e n d i 1 ra n ce. 

- Address basic endurance training to ensure the capacity' needed for sfahili nation. 

- Address activity- specific endurance (duration, intensity). 

- Build the base for eventual performance training (only in th<ise with this god). 

* Stage 4: BuikE strength. 

- Spare the joints while maximizing iieuranuscularcompartJtientchallei^ge. 

* Stage 5 : Develop speed, power, agility. 

- Develop ultimate performance with the foundation laid in stages I through 4, 

- Fficus on optimizing elastic energy storage and recovery; 

- Employ the techniques of siipersrjffness, 

If you master the first three stages, which are discussed In this chapter, you will understand how 
to get had backs to respond and how to develop better rehabilitation programs, 

Finding the Best Approach 

Given the wide variety of low back patients, one cannot expect to be successful in low back reha- 
bilitation by treating everyone with the same cookbook program. The Inllnwinu slni levies wilt 
help guide clinical decisions to individualize — and thus optimize — the rehabilitation program, 

■ Tnfitt far health versus pttfrnTir/mar. The notion that athletes are healthy is generally a 
myth, at least from a musculoskeletal point of view. Training For superior athletic performanee 
demands substantial overload of the muscles and tissues of tbe joints. An elevated risk of injury 
is associated with athletic training and performance. Unfortunately* many patients observe the 
routines used by athletes to enhance performance and wrongly ton elude ihul copy' hit ilium will 
help their own backs. 1 raining lor health requires quite a different philosophy; it emphasises 
muscle endurance, motor control perfection, and the maintenance of sufficient spine stability 
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in all expected tasks. While strength is not a targeted goal, strength gains do result, If a patient 
with hack pin states that her objective is to play tennis or golf, then she has the wrong short- 
Ecnn objective. First and foremost the objective is to eliminate pain. Then the objective m.ty 
shift toward a perfonna nee objective such as participation in a specific sporting Activity. 

* Integrate prevention and rehabilitation upptvarltes. The best therapy rigorously fol- 
lowed will nor product resuhs i frhu cause of the hack troubles is not addressed. Part U provided 
guidelines for reducing the risk of back troubles; Removing the source that exacerbates tissue 
overload cannot be overstressed. Linton and van Tulcler (2001) demonstrated the efficacy of 
exercise for prevenrioiij exercise satisfies the objective for both better prevention and rehabili- 
tation outcome. First, teach patients what is causing their troubles; then work with them to 
eliminate the cause. 

1 Establish ft slow, tontinaum iniprrjvewrnt in function ami pit iff redtuthn. lite return 
of function and reduction of pain, particularly tor the chronic had hack, is a stow process. The 
typical pattern of recovery is akin to the stock market pricing history. Daily* and even weekly, 
price fluctuations eventually result in higher prices, Patients have good days and bail days. Many 
limes lawyers have hired private investigators to make clandesti ne vi deos of back-crt i ub led people 
performing tasks that appear inconsistent, I am hired to provide comment- Some ofthe.se people 
arc true malingerers and get caught. Others are simply having a good day on the day they are 
videotaped, I see all sorts of movement pathology consistent with their chrome history, and they 
are exonerated. 

* Have the patient keep a pumal of daily arfiTifie.i. [^frtrumu tiring daily hack pain and 
stiffness is essential in identifying the link with mechanical scenarios that exacerbate the tn hi bio. 
Two critical components should be recorded in a daily journal r how the hack feels and what tasks 
and acti varies were performed. When pa dents encounter repeated setbacks, they should try to 
identify a common task or activity that preceded the trouble. Likewise, even when progress is 
slow, patient will be encouraged to see some process nonetheless. Without referring to the 
diary, patients sometimes do not realize, ihey are improving, 

■ Ensure the ^positive slope" i» progress. Chapters 12 and 13 introduce the u hig three" 
exercises in different forms. We designed these exercises to spare the spine of large loads and ro 
groove stabilizing motor patterns, Use the three to establish a positive slope in patient improve- 
ment. Once the slope ^established, ynu ni.tt cIun^c u> add new exercises one <ii a lime. The 
patient may tolerate some exercises well and others not so weii, Jf the improvement slope is 
lost after adding a new aettvity; remove it, go hack to the big three, and reestablish the posi- 
tive slope, Tf the patient requires advanced objectives for athletic performance, perhaps spine 
mobility, you may add exercises to achieve such objectives after establishing the positive slope, 
How long should each stage be? There is no single answer for all backs. Some will progress 
quickly, while others will require great patience. This is the job of the clinician — to determine 
the initial challenge, to gauge progress and enhance the challenge accordingly* and to keep the 
patient motivated, even during periods of no apparent progress. The great clinicians blend keen 
clinical skills and experience with scientifically founded guidelines and knowledge. 

■ Detennme whether the patient is willing tt> jnahe a change, ( >trviousb; the patien t must 
change the current patterns that caused him to become a hack patient. This will require moti- 
vation, which is not always easy to establish. Others have listed the importance of and steps in 
developing a change in motivation and attitude {e.g., Ranney, I [ W). Briefly, such a program begins 
with the setting of goals — lor example, returning to a specific job or partaking in a leisure activity. 
The employer's role in enhancing motivation is to ensure that modified work is available together 
with the opportunity tor graduated return to duty. Employers can also play a role in motivation by 
fostering a culture in which worker success equates to company success, which in turn fielpcj the 
worker, The second step in a morivarion program is to fonrtulate a realistic plan for reaching 
the goal established in the first step. Iris beyond the mandate of this book to develop the com- 
ponents of maintaining and enhancing motivational opportunities at each stage of recovery. 

* Determine whether the patient needs initial mobifiztititnt. Wlii te everyone shoul d i ncor- 
porate spine scahj Nation exercises into daily activity, there is a small group who will benefit from 
some directed soft tissue work. This may include manipulation, trigger piint therapy, Active 
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Release Therapy, the use of foam rollers, and so on. These techniques are not the focus of this 
hook. A word of caution is required here. Too many make the mistake of trying to mobilise a 
painful spine region that already ha^ [iK»bility. Nonetheless there is good evidenee that those 
wirJi docuinentcd hyponiubility may benefit from some initial manipulation ur mobilization 
with a transition into stabi ligation training (Fritz at al., 21M5), 

■ Consider other soft tissue trertftrrenti. Patients often presen t with local muscle spasms and 
K odd -reeling" focal muscle texture as perceived by a good manual medicine clinician, Ftuther, 
these spasms and local neurommpartrneni disorders are associated with larger dysfunctions of 
the agonist and synergist muscles involved in a movement In many cases these dysfunctions 
delay recovery or prevent complete recovery. Clinicians use a variety of soft tissue treatments to 
remove spasm and release the tissues that can impede attaining more normal muscular and joint 
function. Doeunicnting them is beyond the scope of this book. The reader is simply alerted to 
their potential significance and role in rehabilitation. 

■ Avoid jipiue jwfpo: S-pin^ power is rhe. product of velocity and force (power = force x 
velocity). This means that the spine is bending quickly and there is velocity in the muscles 1 
lengthening and shortening. Techniques that involve high velocity in the spine have been shown, 
to lead to back troubleSi as they usually indicate high power (Marras et aL* 1993; Stevenson et 
aL> 2i}[}\% To minimize power and maximize safety, the forces transmitted through the trunk 
must be low ifthc spine is moving, If the forces transmitted through the trunk are hitrh» then 
the velocity must be low. h lTie power must be generated at the hips and shoulders and be trans- 
mitted through an isonietrically stabilized torso. Fortunately, this fundamental tenet for safety 
also helps to maximize performance. 

Sta ges of Patient Progression 

Before we can undertake to remove the activities that exacerbate low back troubles* we must 
determine what they are. 1 his is a crucial part of the rehabilitation process. Uncovering the activi- 
ties that cause back troubles begins with a patient interview, Some clinicians perform pro vocative 
testing at this time as we I L The nevt chapter thoroughly discusses how to interview and test the 
patient. Once this has been done, the rehabilitation can proceed. The clinician may choose to 
overlap the stages involved in this process or conduct diem in parallel. At all times, however, the 
objective is to establish and maintain the positive slope of continual improvement 

Stage 1: Detect and Correct Perturbed Motion 
and Motor Patterns 

Some people are very "body aware* and are able to adopt a neutral spine or a flexed spine on 
command. Others can he fhistra-tingly clueless. 

Distinguish Hip Flexion From Lumbar Flexion 

The initial objective of this stage is to have the patient consciously separate hip rotation from 
lumbar motion when flexing the torso. For the more difficult cases we typically begin by dem- 
onstrating on ourselves lumbar flexion versus rotation about the hips. Other techniques that we 
liinr l ■: ii iii. I priicukrU helpful :ii i :i^ I. illow s: 

■ Have yo ur pa rient p! ace one hand on the tummy wh il e placing th e other over the I uni bar 
surface. This way the patient can feci whether the spine is locked and motion is occurring about 
the hips (see figure 10, Id), 

• Sometimes patients are receptive to being coached while using a practice load. The 
dummy constructed by nurses to help them rehearse proper patient lifting and shown in figure 
828 on page 152 is an example of such a practice load. 

■ Other patienrs respond well to photos of people correctly doing tasks that they will abo 
be called on to do in the course of their jobs or their everyday activities. Figure 10.2, a and b, 
shows examples of such photos, 
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Figure 1 U.I For people who are not "body aware" and are unable to adopt a neutral or a flexed 
spine on command, we suggest fa.J rehearsing the spine-neutral position and hip ■; not lumbar} ftexion 
while doing knee bends before (h) exert ion, such a.* lilting (his typical Canadian household item. 




Figure 1(1.2 Sometimes patients are receptive to lask-spedfic illustrations showing spine and hip postures, fa) A rescue 
worker is applying a puNing force to the victim with the spine flexed. Discussion with the patient of this flexed spine pos- 
lurc together wilh one 1 h a E would better spare ihe spine is very helpful, (hi AEso discussed are cxerdse postures such as 
ihe neuiia l lumbar posture adopted hy ihis paiicnl performing cable pulls. 



* Before (incorrect) and after (correct) photos, such as those in figure 10J T s through d h 
can he especially helpful. 

* Vet another technique is to place a stick along the spine with the instruction to flex rhe 
torso forward usinjr, the hips but maintain contact with the- stEck over the length of the spine 
(sec figure !0.4 P rf-f). White this begins iti the clinic, other, more complex bending tasks can 
also help groove these patterns into rhe general morion patterns used in work and other daily 
activities. 

■ When all of these attempts fail, we resort to the final technique; having the patient per- 
form the il midnighr mo^emenr^ (rolling the pel its) — this is lumbar motion. Interestingly, some 
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Figu re 1 0,3 Wo rkers relate to ta s-ks with which ( hey are fa mi I iar These photos are hel pf ul for c on * 
si met ion workers,, especially since they can readily see the difference between the (a> r) incorrecl 
and (b { dj correct spine postures. 




Figure 10,4 Placing a slick along l he spine with ih*- m-iim -ion 10 f!e* forward but maintain contact with l he stick over 
the length of the spine will heip patients separate hip rotation from lumbar motion when fEexing the torso. Examples of 
motions that can he used are (ii sagittal plane symmetric lifts,, {§) various three-dimensional cable pull exercises, and ft) 
specific work tasks that are familiar to the patient. 
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patients who found sea painful never associated pelvis tilling with lumbar flexion (sec figure 
I ti.S^fi'J). Pointing this qui to them ofte n facilitates their making the next leap in spine position 
awareness and in beintf a hie to avoid these painful motions and postures. 

Once you begin to sec that any or several of the techniques just listed are helping these 
u difficult" patients learn how to achieve and maintain neutral spine position during their daily 
activities, yon may have them attempt some tasks to sec if the concept of the neutral spine is 
becoming ingrained. One such task is to take the spine stick and ask the patient to block down 
an imaginary spider web in an overhead corner of the room,. If he loses the lumbar neutral pos- 
ture, point this out to him so he can correct it. Obviously you should continue spine position 
awareness training with such a patient. 

Some people have a very difficult time remembering the protective neutral spine pattern, 
We tell these types of patients to 

J . stop before an exertion (perhaps prior to lifting a household item), 

2. place die hands on the tummy and lumbar region, 

3 r practice a few knee bends with the morion about the hips and not the lumbar spine, and 

4. then perform the lift. 

This practice is effective for many people. 

Teach locking the Rib Cage Onto the Pelvis 

For many individuals. learning to lock the rib cage on the pelvis is csseEitiaf fur injury- prevention 
and for perform a nee— though of course not for all. We have developed a teaching progression 
that is effective for most patients and that is hilly explained in chapter E 2 (page Jill. I 'he] not ion 
pattern should be accompanied by the abdominal brace motor pattern (see figure 10.6). More 
athletic versions of the progression are detailed in McGill (20(k5) r 

Distinguish Abdominal Bracing From Abdominal Hollowing 

Maintaining a mild contraction of the abdominal wall can alio help ensure sufficient spine stability: 
This maneuver is called abdominal hollowing in many back care circles, but we prefer to avoid 
that teiminologv; as it suggests to most people either pulling in or puffing out the abdominal 




Figure 1 0.3 Allowing [be patient to feel spine (a } flexion and (b) extension helps them to eliminate these from I he squat* 
ing motion. Others "get it w by (c) adopting the shortstop "ready position"""' and then tdj standing up. 
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figure 1 0.6 fa, h'r The wall joII begins with the patient in. the ''ptank" whh both elbows planted on the wall. Focus is on 
spine and hip mo!iort r genera I ly adjusting the spfne and hip posture To shift the pelvis, inward the wall in order to find the 
""sweet spol" in spine position with minimal pain, fcj [he abdominal muscles are braced and the rib cage is "locked" on 
the pelvis. The patient pivots on Ihe balls of the feet, pulling one efbow off the wall. No spine motion is permitted. These 

- 1 1 1 h ■". lie jrl '- f(-|i«Mk'il mil I :ln- |i.ilk-nl i m ( (inlinl iht-ii srtinr .\t\f\ Him link- ji.iin 

wall When the contraction is performed correct ly s no geometric change at all occurs in the 
abdominal wall. In ocher words, rather than "hollowing or drawing in 11 the abdominal wall, die 
patifMl dimply activates the muscles to make them stiff, We (.nil thin contraction ''abdominal 
hracing r w or "stiffen ing," whereas when we speak of abdominal hollowing, we are referring to 
the pulling in of the abdominal wall> discussed in more detaiJ next. 

Some confusion exists in the interpretation of the literature regarding the issue of abdominal 
hollowing and .di<.k «i a h i:i « l.nn-inii. Riduudsims i.-.mi.j! nhs^rved i j-.n i In- holhm ing <>v llynii: 
l().7rf)of the alidormnaJ wall recruits the transverse abdominis. On the other hand! an isometric 
ahd:niiiii.il : "-jcj Iil'ypv I if 'b) cnuLtn itlxs the 1 1 a n u rh s." .l I n. |«- n 1 1 i i ■ i ^ \viih i.l=c -j\lurri;i .n; ■ I 
internal obliques to ensure stability in virtually all modes of possible instability (fuker et al, 
IWSJi Note that in bracings the wall is neither hollowed 1 in nor pushed oul Bracing also sta- 
bilizes the spine in bending and twisting" challenges, whereas hollowing does not. In this way, 
abdominal bracing is superior to abdominal hoJlowingin ensuring sta.biJity, With this background 
Richardson and colleagues (1999) suggested that the recruitment of transverse abdominis is 
unpaired following injury. This idea remains controversial as soinc others have either not been 
able to replicate these results in people with back pain on both sides of the torso, or have found 
opposite results. Nonetheless^ the group developed a therapy program designed to reeducate 
the motor system to activate transverse abdominis in a normal way in low back disorder (LBD) 
patients. This was the basis for hollowing 1 ; however, hollowing does not ensure stability. Some 
clinical practitioners may have misinterpreted Richardson s work ro snygesr rhai abdominal hol- 
lowing should be recommended to patients who require enhanced stability in order to perform 
daily activities This is misguided. Abdominal bracing, which activates the three layers of the 
alniiimin.il u-.sumt^i h ill! ujtie, itut:i nal . . . . 1 1 1 : i - ■ " i . a.iv. alulnii'.ini^i w i\h ivj Mrav. ai: : - m." 
is much more effective than atHlominal hollowing at enhancing spine stability (McCiill, 2001; 
Grenier and McGill, 2007, Brown et at., in press). 

Hwo mechanisms can shed some light on this issue of hollowing versus bracing, First, the 
supporting "guy wires" are more effective when they have a wider base (see figure tf-i), 
that is, when the abdomen is not hollowed. Second, the obliques must he active to fin >\ idc M i \\- 
ness with crisscrossing srnits, which measurably enhances stability. Bracing enhances oblique 
activity while hollo-wing inhibits it. The lumbar torso must prepare to withstand all manner of 



Copyrighted Material 



174 



Copyrighted Material 



Low Back Disorders 




Figure 1 0.7 fa) Ho If owing involves the sucking in of the abdomen lo activate transverse abdomi- 
nis s "bf On me other hand,, the abdominal brace activates the three layers of the abdominal wall 
«!ex.ternai oblique, internal oblique,, transverse abdominis), Wilh no "drawing in." 




Figure 10.lt fa} Hollowing the muscles reduces ihe size of the base of che guy wires, together with the incidence angle 
where they attach to the spine, <h) This inherently reduces [heir contribution to spine stiffness in various modes, which 
compromises spine stability, ft J Bracing assists In keeping a wide base to the guy wires and recruits the oblique muscle to 
supply cross-bracing struts for stability in alt axes. 

possihle lojitk, indudin^stL-ady-statt: loiidmg-fwhtdi may be a complex combination of flexion- 
ex tens ion, lateral bend, and axial twisting moment*) and sudden > unexpecxed complex loads 
together -with [oads that develop from planned ballistic motion. Stiffness is retjiiired in every 
rotation and translation axis to eliminate the possibility of unstable behavior. The abdominal brace 
tnsui'Lrs mi I llcienr stability using the oblique cross-bracing, although high levels of cocontr action 
are rarely required — probably about 5% maximal voluntary' con traction (MVC) coeontractEnii 
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of the abdominal wall during daily activities and up to 10% MVG during rigorous activity. The 
parienr niusr match rhe level of contraction to the needed stabiliry™there is no need to crush 
the spine with ovcrcontraerion. 

A quantitative comparison of the hollow and the brace is clearly seen in an individual 
sFanding imrighr wirh loads in the hand*. Simply hollowing can cause the stability index to 
drop to low levels or even negative levels, which indicates the possibility of instability {see 
figure 10.9). Bracing increases the positive stabitsty index value. The subject in. these figures 
is typical in that even though the hollow was taught to target the Transverse abdominis, 
all abdominal mu.se les were activated when measured. Thus stain lity was created while 
attempting ^hollowing" although true bracing is superior tocrcnte lumbar stability. If a true 
"hollow* 1 is accomplished with jusc the transverse abdominis* as simulated in figure LGjfj 
stability is low com pa ret I to that wtrh .i I ) race where the three layers of the abdominal wall 
are activated. Simply hollowing causes the stability index to drop to negative levels when the 
load is placed in the hands, com pressing the spine. A negative value indicates that instability 
is possible. In contrast^ bracing maintains a positive stability index value, eliminating the 
possibility for buckling. 




250 



ISO 



Da\a frames 



Figure 10.9 An example comparing I he hollow with The brace i higher stability} in an individual stand tn^ upright, 
arms at ihe- sides, wilh loads placed in the hands. The problem for patients is lhat isolating Eiansversealxloniinis is viituaJEy 
impossible, (hi A ■' police holloa was crealnd wilh- simulation and shown to bo sign it i cam ly inferior Eo the brace, 
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Teach Abdominal Bracing 

Generally; to doTttjnsrrgte abdominal bracing to the patient, we stiffen 
one of our own joints such as an dhow, by simultaneously activating 
the flexors and eiuensors. The patient then palpates the joint both 
before and after we stiffen if, fTien we ask the patient to attempt to 
stiffen her own joint through simultaneous activation of'Resisrs and 
extensors. Once she can successfully stiffen various peripheral pints, 
we demonstrate (again on ourselves with patient palpation) the same 
technique in the tc >rso h achieving alHlomina I bracing, Finally, we a^ain 
ask her to replicate die technique in her own torso. Occasionally, we 
use a portable electromyographic (EMG) monitor so the patient can 
learn through biofeedback what, for example, 5%, 10% a or B0% of 
maximum contraction feels like (see figure 10.10). We use similar 
devices to teach patients how to maintain rhe contraction while on a 
wobble hoard and in functional situations such as when picking up a 
child, getting on, and off the toilet, and getting in and out of cars. 

Given our research on the importance of spine position awareness 
ro spare the spine and our experience in teaching positioning we 
became interested in pnjprioccptive training for die I jack. The fact 
very little evidence was available to validate the use of proprio- 
ceptive rehabilitation for the lumbar spine motivated our recent work 
on spine proprioception (P'reuss et at., 2005). The purpose of this 
work was 10 quantify the effects of a six-week rehabilitation program 
designed ro improve lumbar spine position sense and sirring balance. 
Twelve subjects with a previous history of low back pain were evenly 
split into a training group and a control group. Subjects in the control 
group received no intervention, while the subjects in the training 
group received a 20-minute rehabilitation session three times per 
week emphasizing spine stabilisation exercises with a neutral spine. 
Lumbar spine repositioning error in fr>ur -|Kiml kn idling ami sirring 
balance for the training group showed significant improvement over the study. This small hut 
initial study demonstrated that proprioception and position awareness in die lumbar spine can 
improve through active rehabilitation. 



Mental Image ry 

The use of mental imagery is helpful lor both spine position and muscle activation awareness. Fol lowing is a 
general protocol that we have adapted" from the imagery liJerafune for use with spi ne training. 

1 . focus on feeling the surface under the feet or buttocks. Whaiever body part is [outhing a surface r be 
iiwiiry nf \\\v. sensation. 

2. Practice simple motions such as tightening and then relaxing specific muscles in differed! area? of the 
body. Then graduate to performing the abdominal brace. 

3. -ftlpate, and have the patient self-paipsie, the muscle involved while lie \$ attempting to tighten and 
relax it. Sometimes a full-body mirror is helpful. The focus for the patient is on I he specific muscle(s) 
involved. 

4. Perform motions slowly, chunking them into segments and sequences; tht i n visualize the total motion. 
For example, beginning with a simple task such as a forward reach, visualise the neutral spine, then 
activating the extensors and the bracing abdominal muscles, and finalfy the motion about rhe hips. 

5. Practice the imager)' independent of physical action. Of course, the patient will have already teen suc- 
cessful in learning spine position awareness, proper muscle control, and desirable motion patterns. 

Soune: taifwyn MtClll r spciiti fj*y dialog umtiuIlini 
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Figure 10.10 EMG biofeedback 
devices arc an economical way to 
provide feedback to tha pal i ent regard- 
ing I he level of abdominal aciivaicon 
during any type or functional task, 
from standing on a wobble board lo 
^etiinft into a car. 
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Build Squat Patterns 

A good back needs healthy $ luteal muscle Function while function demands balanced hip power 
about each axis, This saction describes some hip motor parrtirns ch-.if Lnhtbir spine -sparing put- 
terns, together with documenting several training progressions to address them. 

The Cfossed-pckih syndrome in ±\ term l\> Lhe a Hid i linn in which die gluteal complex 

appears- to be inhibited during squatting patterns; this syndrome is very common in those with 
a history of kick [ roubles (together with some others as well). Lnterestinjrly, we still do not know 
iFthe crussetl-pelvis syndrome exists prior CO febfe troubles or is a consequence of li living them. 
Nonetheless, the syndrome is notieeahle in many patients referred to our research clinic. "This 
results in two concerns. First, those with aberrant gluteal patterns cannot spare their backs 
during squatting patterns since they use the hamstrings and erector spinac to drive the extension 
morjon. Subsequently, the erector spinas imposes unnecessary bads an the lumbar spine. In this 
way, healthy gluteal patterns are needed to spare the back, Second b it is impossible to rebuild 
optimal squat per in nuance, cither fur strength or hip extensor power, without well -integrated 
hip extensor patterns, In fact the failure of many people to properly rehabilitate is due to neglect 
of the ability to squat and rise off the toilet, or egress from a car, or walk up stairs^ without first 
addressing the aberrant gluteal patterns. 

Retraining the gluteals cannot be performed with traditional squat exercises that utilize a 
machine. Performing a traditional squat requires lirtSe hip alwluction, Consequently there is 
little gluteus niedius activation, and the gluteus maxim us activation is delayed during the squat 

il lower angles are rescued, This is well ihiumivsnc^ in \bCiill In ft mini si i.. 

the traditional squa^ a one-legged .squat activates the ghiteus medius iimnediately to assist in, 
the frontal plane hip drive necessary for spine-sparing function together with sooner integration 
of gluteus i nasi m us during the squat descent motion. 

LEARNING TO ACTIVATE THE GLUTEALS 

The following maneuver-. \\ i I en, -lit nn^i rj.il tints ki lontm how- 1o isui.tfu . irsti jcffv.iri 1 holh 
gluteus medius and gluteus rnaximus, 

LEARNING TO ACTIVATE GLUTEUS MEDIUS 

Thy first stage involve* isolating gluteus medius. Drttie ag^fn the patient needs to '"feel" the 
muscle and perceive its activation. The patient lies on his or her side. Hue patient places the 
rhumb on the anterior-superior iliac spine (ASlS) and reaches with [he fingers posteriorly — the 
lips will be over the gluteus mediuS faj. With [he hips jikI knc-e« rli'ned. Hie p.iiieni sprtjiids 
the knees d part like a clam shell, with the 
feet remaining together and acting as a 
hinge (b). The patient fuels with the finger* 
the gluteus medius activate. This maneuver 
is to simply activate the gluteus medius and 
should not be considered a strengthening 
exercise. There is no need to offer resis- 
tance at this stage fresi stance is imposed 
ISfSf during strength training, Tate isolation 
of lhe gluteus medium is not po$sibEe r and 
other muscles areaciive. In this posture, the 
external hip rotators are recruited. Extending 
the hips to a neutral posture and repeating 
the movement tends to activate the glutfus 
medius with a greater integration with the 
femsnr Use u LiMe. 



b 

(cor>Uftu&d) 
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LEARN1 N G TO ACTIVATE THE GLUTEALS 



LEARNING TO ACTIVATE GLUTEUS MAXIMUS 

Lying an the back wilh the knees flexed and the feel on the floor, the patient places Che fingers 
on gluteus maxim us to fed its activity, Have the patient image a coin placed in the glutei 

fold that must not be dropped. The patiersC 
activates gluteus maximus by "squeezing" the 
buttocks— noi by creating hip extension. The 
focus is on the pelvis at this stage to ensure 
that no pelvic tilirnj? occurs. The lumbar spine 
remains in neutral posture U.V. Then, once 
the activation has been master ed r the patient 
begins bridging the torso off the floor. The 
clinician rit this stage palpates the hamstrings 
(h.K Those who are hamstring dominant and 
gluteal deficient will immediately activate 
the hamstrings just prior to I he «_K.:currence 
of motion. This pattern is very dominant in 
those who have the aberrant crossed-pelvic 
syndrome, but is also seen in some sport- 
spec i fie athletes such ai? cyclists, The ixitient 
must repeatedly try to begin the bridging 
action without hamstring activity (or at least 
only mild activity), 

To override the hamstring-dominant ten- 
dency in some patients requires coaching 
and cueing from the clinician. For these 
challenging cases we place our foot against 
the patient's toes and instruct the patient 
to continue with the preparatory gluteal 
activation but then also very mildly activate 
the quadriceps by very mildly attempting to 
extend (he knees, Buttressing the patient's te^r 
wit It the clinician's foot assists this. A gentle 
stroke on the quads to assist the patient's 
imaging and perception of mild knee exten- 
sion also facilitates this pattern to enhance 
gluteal dominance. Then the patient repeats 
the attempt to bridge with gluteal dominance. 
Once this is mastered, squat performance 
will improve. 

Imaging sque^vin^ the gluteus maximus 
muscles prior to performing the back bridge 
will assist in grooving gluteal -dominant hip 
extension patterns. Then the patient performs 
the bridge with a focus an gluteat contraction 
throughout the full range. For those having 
difficulty, quadriceps stroking can assist with 
mild knee extension to further reduce ham- 
string contribution. 
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BEGINNING BASIC SQUAT PATTERNS 

First a word of caution: Do not start this too early with patients who either are disabled or 
have very painful backs. 

POTTY SQUAT 

When appropriate we would begirt a basic squat progression with a "potty squat/ 1 Sitting tin 
[he corner of a chair or a stool, fhe pat i en l posit ions the feet under the body to rise off the chair 
without using any momentum shifts. The lumbar spine is neutral and braced. This begins to 
groove a good two-legged squat position, Then, with progression to a standing position, 
the arms are held out laterally and moved fn front of the body as the pat i em squats. Of 
course, emphasis is placed on maintaining a neutral lumbar spine and' abdominal brac- 
ing, The hips follow a trajectory along a I in*: about 45* from the vertical. "Squn back"" h 
a better instruction than "squat down/ The motion is predominantly at the hips, known as 
the "hip hinge/ 




SINGLE- LEGGED SQUAT 

Progressing to a single-legged squat involves the same arm motion to assist balance,. As the 
single-legged squat is performed, the free leg is held behind and the knee is touched to the 
floor, or the toe is reached with an outstretch cd leg to a distant object behind, fa, b ) Then, 
the free leg Is reached nut to a distant object ptaced laterally during the squat (c). Variations 
include working the free leg to different positions "around the clock" (see page I BO). Thrs 
challenges (he full hip extensor, lienor, and abduction torque generators together with keen 
motor control . FuEl integration with the pelvis and lumbar spine is achieved with emphasis on 
the appropriate motor and motion patterns. Specific focus is directed toward maintaining a 
neutral lumbar spine. Focus on hip motion, with gluteal muscles producing the hip extension 
torque, and a stiff torso. Caution with anterior foot placement is necessary with some patients 
who are unable to main lain a neutral spine (d). 

The single-leg squat follows the same hip hinging motion. The nonsupport teg is projected 
to the rear and to the stcte. Be cautious with forward projection of the foot to the front. -=!^ ii 
often causes spine flexion., The abdominal muscles are braced, the lumbar spine is neutral, 
and* the mentai focus of the patient is on hip extension torque. Notice that the hips are drifted 
posteriorly during the descent to pi ace muix* emphasis on the gluteals for hip extension, 
unloading both the knees and the back. 
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RISING FROM A CHAIR 

Rising from a chair follows the potty squat mechanics.. Faulty motion patterns 
oftfeil include initiating the mot i an with spine flexion. Instead the spine should be 
extended with the rib cage rising, and the hips flexed- The feet are drawn u nder neath 
the patient, the knees and feet spread r and the hips externally rotated to integrate 
the j; luteal ntusdes for hip extension (see figure 1 0.11 ). 
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Figure 10,11 U. hi First iauliy motion is initial with sprne flexion, tc} Then the hrps are extended with the hamstrings 
and id} the spine is extended with ihe back extensors. 




a b c 



Figure 10.12 Corrected patterns include spreading the feet placement then consciously trying to "spread the floor/ which 
facilitates the gluteal muscles. \i, b} Better motion is initiated wish spine extension and hip flexion, then (t) htp extension. 



Stage 2: Establish Stability Through Exercises and Education 

For patients to achiew stability not just during rehab, but utsu in all aspects of their lives both 
during and after rehab, borh exercise and education are crucial It is essential that you pursue 
both of these strategies, 

■ Groove stabilizing motor patterns through stabilization exercises. Generally the nest 
stage should begin with stahilizatinn exercise. The trick is to find an appropriate starting level. 
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For the chronic ""basket eases' 5 ' who arrive at our university cfinic having failed traditional therapy; 
we generally undershejot what many would consider an appropriate loading level.. The typical 
progressive improvemeiu^hilosophy of w workhajrdening ,t with weekly improvement goals will 
not work tor these people- they require more patience. "They will have good and had daysi hut 
the general [Hisitive s!one in improvement in List l>e established — however gradual. Once we can 
document a positive slope in improvement, then we can increase the rehabilitation challenge, 
Specific exercises are discussed and illustrated in chapter I2 r 

■ Ensitre stabilizing mofirm patterns and muscle activation patterns dming all artivi^ 
ties. You must clarify the range of activities {daily living, occupational, athletic, etc.) for which 
the individual patient must be prepared. This is obtained through interview, While there is no 
standard form, we begin hy documenting the patients 1 daily routine, which includes their occu- 
pational demands and those o f daily Jiving, Previous chapter* uttered an any examples in which 
the spine is spared with an appropriate posture and muscle activation pattern. The guide! ines 
to selecting exercises discussed in the nest section will help yon determine what exercises to 
prescribe for patients in this stage, In addition, we spend time rehearsing daily activities to 
be sure the patient is learning and utilizing spine-sparing morion and motor (muscle activation) 
patterns. 

Stage 3: Develop Endurance 

Kn dura nee is necessary for maintaining stabilising parcems of muscle aeti vity. There is a progres- 
sion to building endurance, and it starts by building endurance without becoming tired! Here is 
what you should keep in mind as you progress patients toward greater endurance: 

■ Typically, tnduratice is ha ilt first with repeated 

sets of relatively short holds. 1 lohlh should be no longer 
An Important ReitlitideiT than 7 or K seconds. The duration is based on recent 

evidence from near infrared spectroscopy indicating 
Remember, since half the battle Is to rapiJ of mihhlil (JXVEfcn in torso THLI ,des con- 
remove Ehe irritants, make sure (o follow trMtin g ai these levels. Short relaxation of the muscle 
I he- recommendations Ot the (WvtOtl* t&mm oxygen (McGill et ah, M^W- The endurance 
chapEiers-. objectives arc achieved by building up repetitions of 

the exertions rather than by increasing the duration of 

each hold r 

* Identify mdumnce deficits. Motivated by the evidence for the superiority of extensor 
endurance over strength as a bench ma cfc for good hack health, we recently documented normal 
ratios of en [Jura nee rimes for the torso flexors relative to the extensors and lateral nnisenlature 
(see next chapter). Use these values to identify en durance deficits — both absolute values and 
values for one muscle group relative to another, 

■ Use the reverse pyramid for endurance training This approach to designing endur- 
ance sets is founded in the Russian tradition of maintaining excellent technique and form. 
The idea is to train endurance without becoming tired, For example, if one were to design 
sets for the side -bridge exercise using five repetitions, the training session would look like 
this: 

1. Five repetitions on the right side n. Rest 

2, Five repetitions on the left 7. Three 0a the right 
}, Rest 8. Three on the left 

4. Four repetitions on the right Finished 

5. Four on the left 

Good technique is facilitated as the repetitions are reduced with each fatiguing set, 'This is 
generally done to build the endurance base, since the objective of maintaining sufficient 
levels is met so that the failure is notojeygen starvation or acidic metabolite buildup. Endurance 
training for more athletic patients is described in .McGill (2006), 
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CLINfCAl 
RELEVANCE 



Summary- Checklist for 



Patient Progression 



As we have noted, the first three stages of our five-stage program am focused on rehab iE [ration. Here 
w-e include an expanded checklist for rehabilitation that adds some critical elements. 

1 . Identify and remove the ^acefte&ti ng Jttivitics, 

2,. Have the patient record in a journal da My how the back feels as we J I as the tasks and activi- 
ties performed. 

3. Identify and correct perturbed mot ion and moiur patterns using corrective cxerc$ft Develop 
spine position awareness (hips vs. lumbar motion! and the ahiEily Eo maintain abdominal 
bracing- Groove motion and motor patterns. 

4. E^gin the appropriate spine exercise and appropriate $tahi I i nation and mobilization tasks. 

5. Develop muscular endurance. 

6. Transfer to daily activities. 

Note I hat training athletes in our program involves the same stages with the addition of two 
Stages— train rng Strength and power (see chapter 1 3 and McCili. 2006). 



The reported effectiveness of various training aiut rehabilitation programs for the low back is 
quite variahle> with some claiming great success while others report no success or even negative 
results (Faas, L 996 l Koes et aL> 1 99 1). The discrepancy regarding the effectiveness and safety 
of exercise programs is probably due to clinicians prescribing inappropriate exercises because 
they do nor understand the tissue loading that results during various tasks, Resist the urge to 
enhance mobility- post to adhere with the disability rating system. That system is for legislative 
convenience only. Rather, judge your success by bow well you arc abSe to reduce patients 1 pairs 
and restore their ability to complete tasks. Also, there must be a reason to perform in exercise, 
and to perform it in a specific way- The next chapter will help you identify deficits in patients 
m.> that they can Lk: addressed by li specific pnitrram, If there ps no specific reason to prcscrilx: an 
l-M'i'nsi;, I hv\'\ .I. n 'l . in!', uoi'k v. khm l.hc i i w:\iA c:jpat in i> ! lln- paiieni |(J iK hicv*.: S|H":ci1lL 
goals. 

Developing a Sound Basis for Exercise Prescription 

I have selected and evaluated the exercises in die following chapters based on tissue loading 
evidence and the knowledge of how injury occurs to specific tissues (described in previous 
chapters). Choosing exercises, however, still involves the l*est educated guess that is developed 
through clinical experience. The following example illustrated die need for quantitative analysis 
in order to evaluate the safety of certain esterases, 

We have all been told to perforin sit-ups and other flexion exercises with the knees flexed — but 
on what evidence? Several hypotheses have suggested that this disables die psoas or changes the 
line of action of the psoas* or both. Magnetic resonance imaging (MRiyhased data (Ssntagmda 
and Mc( S-ilL ] W?) demonstrated that the psoas line of action does not change due to I urn liar or 
hi pposttire (except at L5-S1) as the psoas laminae attach to each vertebra and follow the change 
ing orientation of the spine, However* there is no doubt that the psoas is shortened with the 
flexed hip, modulating force production. But the question whether there is a reduction in spine 
load with the legs bent remains. In 1 995 iMcGil] examined 12 young men using the laboratory 
technique described previously and observed no major difference in lumbar load as the result 
of bending the knees (average moment of 65 Nm in both straight and bent knees , compression 
of 3230 N with straight legs and 3410 N with bent knees; shear of 260 N with straight legs 




the Best Exercise Regimen 
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and N with bent knees), Compressive loads in excess of 3000 N certainly raise questions of 
safety. This type of quantitative analysis, is necessary to demonstrate that whether ro perform 
sit-ups rising bent knees or straight legs is probably not as important as whether to prescribe 
sit-ups at all! 'There are better ways to challenge the abdominal museles- 

Basic Issues in Low Back Exercise Prescription 

Severn] exercises are required to train all the muscles of the lumbar torso, but which exercises 
are best for a given individual? Making this determination will depend on a number of variable^ 
Mich as the individual* fitness leveJ 1 training goals > history of previous spinal injury, and other 
factors. I [owever, depending on the purpose of the exercise program., scleral principles apply. 
For example, an individual beginning a posting ry program would be advised to avoid loading 
the spine throughout the range pf morion, while a trained athlete may indeed achieve higher 
performance levels by doing" so. Another general rule of rhumb is to preserve the normal low back 
curve {similar to that of upright standing) or some variation of this posture thai minimises pain. 
While in the past many clinicians have recommended performing a pelvic tilt when exercising, 
this is not justified; we now know that the pelvic tilt increases spine tissue loading, as the spine is 
no longer in static-elastic equilibrium. Tims, the pelvic tilt appears to be eonmindieated when 
l h ill lunging the spine, Basic issues you should consider when prescribing exercises for low back 
rehab are discussed in the following sections, 

flexibility 

Whether to train for optimization of spine flexibility depends on ihe person's injury history and 
exercise goal. General ly f for the injured back, spine flexibdin, should nor bu emphasized unril cItl- 
spine has stabilized and has undergone endurance and strength conditioning — and sonic may 
never reach this stage" Despite the notion held by some, diere are few quantitative data to snp- 
ponr the idea that a major emphasis on mink flexibility will improve back heakh and lessen rhe 
risk of injury In fact> some exercise programs that have included loading of the torso throughout 
the range of motion (its flexion-extension, lateral bend, or ami twist) have had negative results 
(e-g,, Nachemson,, J u 92)j and greater spine mobility has heen associated with low hack trouble 
in some cases {e.g., Biering-Sorensen, I^H-4). l-urthen research has shown that spine flexibility 
has little predictive value for future low back trouble (e.g., Sullivan, Shaof, and Riddle, 2QM), In 
the context of trying to stretch the back and train flexibility, the insiglithd work of Solomonow 
and colleagues (2002) has shown that the stretch reflex is diminished and muscle spasms can 
result. The most successful programs appear to emphasize trunk stabilization through exercise 
with 3 neutral spine (e.g, n Hides, Jul I, and Richardson, 2W\; Saal and Saal n l^ u ; Koumantakis 
et ;d. s 2W5) while stressing mobility at the hips and knees. {Bridger, OrEdn,, and Henneberg, 
1992, demonstrate advantuuvs for si tting and standing, while McGill and Norman, ! 992, outline 
advantages- for tifting;) Finally* removing lumbar flexion train morning activities substantially 
improves patients, on average (Snook et al.., Despite this evidenee 1 many patients are still 

instructed to "pull their knees to their chest in the morning and perform toe touches (see titnirc 
10, 1 3 T a-c). The destabilising consequences of fbl] flexion were described in chapters 4 and 5, 
tor these reasons, torso flexibility exercises should he limited to unloaded flexion and extension 
for those concerned with safety. Those interested in specific athletic activities may sometimes 
be an exception to this rule, (Of course, spine ilexibiiity may be more desirable id athletes who 
have never suffered back injury,) 

Strength 

In general, .strength seems to have little to do with back health even though increasing torso 
muscle strength is a popular objective of low back rehabilitation protocols. This is not to imply 
thar strength is not important. Rather it is to emphasize that the way the spine moves is relatively 
more important in terms of spine health. Back muscle strength in particular has not been found 
to be a significant predictor of first-time injury, (Tn the context of cause and effect predicting 
first- rime injury offers special insight.) Only Troup, Alarrin, and Lloyd (IVBl) found, while 
testing torso muscles, that reduced dynamic strength was a predictor of recurring back paim 
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Figure lfl.13 "Silly stretches/ such as te t b) pulling foe knees to the chesl and fc) toe touches, 
are often prescribed to patients to do in the morning, These can cause instability!: Paradoxically; 
the stretch receptors iri the back are ^Emulated, providing a false sense of relief that may lasl dt^Hii 
20 minutes. 



However, in a prospective study,, Leino et a I (10K7) found that neither isometric nor dynamic 
trunk strength jarcj-cli c-tcil th-u development of low back trouble over a IQ-yearfo] low -up period. 
The Biering-Soreosen ( I W4) study, previously noted, found that isometric back strength did not 
predict the appearance of low hack trouble in previously healthy subjects over a one-year follow- 
up. Holiiistrorn and Moritz (.1^2) recorded reduced isometric trunk extensor endurance tames 
in male workers with LBDs compared to those without but found no differences in isometric 
flexion or extension screngths. Strength appears to have little, or a very weak, relationship uirh 
low hack health. Strength is for athletic performance objectives. In contrast, niuscle endurance, 
wfr&j separated from strength, appears to be linked with better back health. 

Most recent data have suggested that while having a history of lriw hack troubles is not relived 
Eo reduced strength, it is relit ed to n perturbed flcxion-to-extension strength ratio (McGill ct 
a I., 2003). This difference in die ratio appeared to be mainly i influenced \yy greater extensor 
strength relative to flexor strength in ihose with troubles. 

Endurance 

Two cross-sectional .studies those of Nieolaisen and jorgensen ( IVK5) and Alaranra and col- 
leagues (l*^M) r found reduced extent jr endurance in workers who reported low back troubles. 
Hnih Biering-Sorenseii (1984) and Luotoand colleagues (1995) suggested that while isometric 
strength was not associated wirh the onset of hack rronhles, poor static hack endurance scores 
are. Some have expressed concern that patients with poor muscle endurance scores have poor 
scores from a lack of effort (a psychological variable) radicr than any physiological limitation. A 
study by Manrioa and colleagues (2(M) I } suggested that of the total variance measured in the endur- 
ance scores of their liaek patient^ 40% w r as expEained by physiological fatigue (quantified as declines 
in the IMG pfjwer spectrum), while only 1 0% was explained by psydiological variables (quantified 
as motivation and fear of pain variables, from a questionnaire), Another study (McGill et aL 200Ti 
has suggested that having a history of low hack troubles appears to he associated with a different 
11 cx i< j i i-5.ii ?-ck! en sn >n enduriu ice rnti< 5, w ith il ie extensors ha vi cig less eaiduranjce and the flexors having 
m<uv L-ndiii-ance/TT^ imbalance in endurance also appeared between the right and left side lateral 
musciiJarore as evidenced by the asymmetry in right and left endurance holding times (e.g., 
R5B/L3B ratio of , ( >3 for those with an LBD history vs. 1.05 for those without). The next issue 
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addressed the question of whether strength and endurance are related. Interestingly, the flexor 
strength (fVm)-to-endu ranee (sec) ratio was between 5 and .5.5 tor ilu* flexors in Iwirh t: nonnar 
backs and in those with a history of troubles, and for the extensors of the normals. The ratio 
was much Larger for die extensors {5,3, p = .033) in those with a history of LBD. 

In summary, several studies have suggested that diminished trunk extensor endurance and not 
strength is linked to low back troubled Recent data confirm this notion and enhance it further 
by suggesting that the balance of endurance between, flexor and extensor muscles and the bal- 
ance between right and Lett sides of the torso appear to he Linked to a history of" back troubles 
severe enough to result in work loss. Note that these were losses that lingered Long after the 
dt^ibbn^ episode. In those with a history of disabling LBD, the average length of time si nee the 
last work loss episode was 261 weeks (standard deviation = 275), while the average length of time 
lost from work in that episode was seven days (standard deviation = H)).The lesson tor exercise 
prescription is that graduated „ progressive exercise programs (i.e., of longer duration and lower 
effort), which emphasize endurance, thus seem prd'emlil^ uvcr strengt honing exercises. 

Aerobic Exercise 

Mounting evidence supp* jrtingthe role of aerobic exercise in both reducing the incidence of low 
hack injury (Cady et al., 1979) and treating low back patients Quker et al., 1998) is compel tint?. 
Recent investigation into loads sustained by the low back tissues during walking (Nutter, I WW) 
confirms very low levels of supporting passive tissue load coupled with mild, but prolonged, 
activation of the supporting musculature. Callaghati, Paiiit, and MeCiill (1999) documented 
that fast walking with the arms swinging results in lower oscillating spine loads. When 
tolerable, aerobic exercise^ particularly fast walking, appears to enhance rhe effects of hack- 
specific exercise. 

Order of Exercises Within a Session 

Because the spine has 3 loading memory; a prior activity can modulate the biomechanics of the 
spine in a subsequent activity. For example, if a person satin a slouched posmre for a period 
irf Lime sufficient to Cause ligamentous and disc creep, sbc would have residual ligament laxity 
for a period of time. (We have measured laxity of over a half hour in some cases |McGill and 
Lirown, 1 9°2 |.) '['he nucleus volume appears to redistribute upon adoption of a standing posture 
(Krag it al r , 1987). This redistribution takes time. If die spine is flexed in one maneuver, then 
it probably should return to neutral or extension for the mn r 

Viscosity is another property of biological tissues — in this case a frictions] resistance to 
motion within the spine and torso tissues. This ih why motion exercises are usually performed 

first as pari of a warm-up; once the viscous friction has 
^ t n heen red ucedi subsequent motion can he accomplished 

Establishing Grooved Patterns wit}l i** stress. 

We. have found that patients are best A final consider adonis the need to continually groove 

served when we establish ( he grooved healthy, joint-conserving, ami stabilizing motor patterns, 
patterns for spire stability at Ehc begin- Depending on the exercise objectives, we often begin an 
ning of the session On the other hand in exercise or training session with some spine stabilisation 
a performance-orfented training program, excises to groove the patterns that will continue over 
partifipanis mow on to toiso stabilization to odltr ***** in the pro-ram. In summary, under- 
at rhe end of the session standing spine biomechanics can optimize the ordering 

of tanks in a training session. 

Breathing 

Debate continues regarding training for breathing during exertion, Should one exhale fir inhale 
during a particular phase of movement or exertion r 

In the rare canes of very heavy Lifting or maximal exertions {which would not be part of a 
rehabilitation program), high levels of intra-abdominal pressure (JAP) are produce d by breath 
h\ ill Ling using the Valsalva maneuver^ This eJevated .1AP, when combined with high levels 
of abdominal wail cocon traction (bracing), ensures spine stiffness and stability' during these 
ex traordi na rv demands, 
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Another motivation given for striving to achieve higher IAP is the need to reduce the trans- 
mural gradient in the cranium to lessen the risk of hlacknut or stroke (McGilli Sharraft, and 
Sctniin, 199$). The explanation for this mk reduction is as follows: 

* Building IAP is iissoeLitud with a rise in the central nervous system (CMS) fluid pressure 
in the spine, which forms an open vessel to the CNS and brain. 

» Upon exertion j enormous elevation in Mood pressure occurs (documented in weight- 
lifters to be well over 400 mm I If). 

* This pressure in die cranial v^sels creates a large transmural pressure gradient that is 
reduced if the ( -NS fluid pressure Is likewise elevated, reducing The load 1 on rhe vascular 
vessels, 

Although this explanation is valid, the mechanism should be considered only for extreme weight- 
lift iiig- challenges — not for reb abdication exercise. 

When designing rdiahilimiion i^ereise.j a major oh jective is to establish spine ^rabt lizatton 
patterns. An important feature of stable and Functional backs is the ability to etjeontraet the 
LiUhmi I n-.-.ll ■ . iiinsiid Wall-} iinlqiuinlnnlv uf .my I u i *- u v^itibtinn pattern*. i_]nm\ spine 
stabilise is maintain the critical symmetrical muscle stiffness during any combination of torque 
demands antl breathing patterns (such as when playing a hasketball game, for example). I^oor 
stabilizers allow abdominal contraction levels to cycle 
with breathing at ciitica! moments where stability is Breathe Freely 

needed. Grooving muscular activation patterns so rhiit ■ * 



a particular direction in lung air flow is entrained to a Train to breathe freely while maintaining 

particular part of an exertion is not helpful This would the stabilising isometric abdominal Wall 

he of little carryover value to other activities; in fact^ it contractions, 
would be counterproductive. 

Time of Day for Exercise 

As pointed our in part N, the intervertebral discs are highly liydr a ted upon rising from bed; the 
annul us is subjected to much higher stresses during bending under these conditions, and the 
end plates fail at lower compressive loads as welL Thus, performing spine-bending maneuvers 
at Lh time of day is unwise. Yet many manual medicine physicians continue to suggest that 
patients perform [heir therapeutic routines first thing in the morning, This appears to be due to 
convenience and ignorance- Because the discs generally lose 90% of the fluid that they will lose 
over the course of a day with in the first hour after rising from btd h we su^jrest simply avoiding 
this period for exercise (that is, bending exercise) for either rehabilitation or performance train- 
ing. While there hasn't been a study on the enhancements obtained during exercise routines as 
a function of rime of day. Snook and colic airucs (1^8) did prove that the conscious avoidance 
of forward spine flexion in the morning improved their patients* back troubles. 



KEt^ANrE^ Notes for Rehabilitation Exercise Prescription 



Fxerdw professionals face the chattenge of designing exercise program* that consider a wide variety 
of objectives. Consider thi^i guidelines: 

» W h r I e somrj ox prjits bel iev<? that exorcise sess i o ns shou I d be performed a 1 1 east [ h roc tE mm 
per week, low hack exercises appear to be most beneficial when performed daily (e.g.,, 
Mayer etal., tSSSL 

* The no pain-no gafn axiom does no* app'Y whfcn eftefCjslng the low back, particularly when 
applied Eo weight training. Scientific and clinical wisdom would suggest the opposite \s [rue. 

* Research has shown tbaE genera ! exercise programs that combine cardiovascular compo- 
nents fsuch ess. walking) are more elective i h both rehabilitation c m<{ injury prevention ie,g r , 
Nutter, 1938>. 
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■ Diurnal variation in ihe fluid level of the intervertebral discs ("discs are more hyd rated kafly fh the 
niorrring after rising from lied} changes the stresses on the disc througho4jt the dayi People should nor 
perform full -range spine moUon under load for 1 lo 2 hours after rising from bed {e.g., Adams and 
Do I an, 1995}. 

■ Low back uxertises performed for health ma intend nee need not emphasize strength with high- load, 
low-fepetftiQn tasks. Rather, more repetitions of fess demanding exercises will enhance endurance 
and strength. There is no doubt that back injury can occur during seemingly low- level demands (such 
as pieki ng up n pencil) and that injury from motor Control error can frCCur. While rhe chance of motor 
control errors that result in inappropriate muscle forces appears to increase with fatigue, evidence also 
indicates that passive tissue loading changes with fatiguing lifting {e.g. r Ptiivin and Norman, 199^1 
Given [hat endurance has more protective va! ue than strength { I. uoto eta I. r 1995% strength gains should 
not be overemphasized Lit the expense of endurance. 

■ Ho set of exercises is ideal for ail individuals. An appropriate exercise regimen should consider an 
individuals training objectives, be they rehabilitation, reducing the risk of injury, optimizing general 
health and fitness, or maximizing athletic performance. While science cannol evaluate the optimal 
exercises for each situation; the combination of science and clinical experience will result in enhanced 
hjw h#ek health. 

» Both patients and clinicians should he patient and stick with the program. Increased function and 
reduction in pain may not occur for three months (e.g., Man niche et aL r 1388)* 
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CHAPTER 1 1 

Evaluating the Patient 



Virtually aw ma™ a J medicine textbook describes die typical tests for determining the range 
of morion (ROM). But of what real importance is this information to the clinician? These 
numbers are more for the legal detcnninatioEi of disability as defined by the American Medi- 
cal Association than for aiding in eIk: dmiul division process. Some erroneously tfaitik diat all 
patients, should have Jl uormal to average" ROM values even though they probably were not 
""average 11 prior to becoming it patient. The tests discussed in this chapter offer inure useful 
indicators of pathology to assist you in making treatment decisions. 

Of the several deficits in low back variables identified in earlier chapters^ many are the direct 
result of in jury. They include aberrant lumbar motion patterns, perturbed motor patterns of 
muscle recruitment, and aberrant joint motion with concomitant pain and loss of muscle endur- 
ance. Unfortunately* testing for these deficits is not easy, The challenge is to find the tests that can 
beat identify the deficits and that are reasonably safe and do not require expensive, or specialised 
equipment. The test* that come closest to meeting these criteria are described in this chapter, 
along wirh guidelines for tests designed to quantify patient deficits. The results will form the 
rehabilitation objectives for the patient 5 together with clues for designing exercise. The chapter 
also discusses how patients can help to define their own rehabilitation targets. 

The Most Crucial Element in Evaluation 

Before discussing any specific rests or techniques^ however iris vital that you understand the 
central clement in all diagnoses; your brain! If your own observation and reasoning skills arc 
■ mi v, iii'^'Inpi-iL 'Aw ',-fV-l I.i-Ms jud I !u- \\v.^\. \u\i\A I ^;hi iij-ou\ w ill Ik- :il III II- us,- H> y m 
as the following text will show. 

Geoff Maidand s the well-known Australian physical therapist, promoted the ^hypothesis" 
formulation approach to diagnosis — which is very similar to our own Just as a detective must 
piece Together evidence, a clinician must consider evidence from all sources. As each piece is 
considered, the hypothesis is either strengthened or weakened. However* unlike die situation 
wkh a crime, the expert clinician is able to obtain a definite history, even though a patient may 
present eonflicring signs and disguised characteristics. This complexity means no more rhan 
that the patient has a complex presentation. Such patients may be farther down the degenerative 
cascade of tissue and nervous system change, or they may have some biological processes under 
way that complicate the search. Biomechanics I knowledge is critical for success in hypothesis 
formation. Usually- t he overused tissues aru the ones involved in symptom creation. The solution 
often lies in changing the biomechanics to alleviate loading of the painful tissues. 

A keen "clinical eye* is a feature of all great clinicians, I often tell the story of when 1 was 
invited to a renowned spine center and part of my course was to conduct three examinations 
in front of the center's 18 cuuicians. The clinicians included orthopods;, neurologists, physical 
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CLINIC At 
RELEVANCE 



Interpreting Patient Presentation 

Form a working hypothesis and continually 
reassess the hypothesis, doing the. follow- 
ing: 

1. Observe everything, smarting with rhe 
person's sitting posture, rising from 
thy waiting room chair, standing, and 
walking. 

2, Elicit and record the history: Link 
injury mechanisms and pain mecha- 
nisms * 

3, Perform provocative teste: What loads, 
postures, and motions exacerbate; 
what relieves? 

4. Perform functional screens and tests: 
Are there perturbed postural, motion, 
and moinr patterns? 



therapists > and so on. We went Co the 
waiting room and were introduced to 
die flrsL patient The patient rose from 
the chair ami walked to the hrge train- 
ing room that served as our exam mom. 
Then I asked die clinicians to turn away 
from the patient and &ce rhe walL I asked 
them to tell me alxmt the patient — and 
not one of diem could answer. I said to 
them that they at! foiled* 

I then descriried all that I had observed, 
beginning with the seated posture of the 
par, inn. u hii'h v. ns a I idl-fle^ion, skimped 
posture (this usually suggests flexion 
intolerance). Rising from the chair was 
initiated with more spine flexion and 
less hip extension. Then the hips rose, 
indicating typical hamstring dominance 
for hip extension and gluteal deficiency in 
generating the hip extensor torque. The 



spine extended last with spine extensor 
muscle activation, Tttts strengthened the world ng diagnostic hypothesis that was fa mi ing in 
my head. The classic antalgic walking posture was shown with arms swinging lien cling at the 
elbows instead of the shoulders. Then 1 observed the classic standing posture with the weight 
shifted predominantly onto one leg. 

After pointing out these fearures J stated that niy working diagnostic hypothesis was a disc 
bulge on the right posterior- lateral side of L4-L5. Further testing showed this to be correct, 
The other two patients included a stenotic individual and one with a highly unstable spine 
lumbar "hinge* with overstiffness in rhe thoracic region. After conducting the same qualitative 
observations on these two. the clinicians understood what I meant when I said that their eyes 
a ltd hands were their best "scanners.* Interestingly, a few older clinicians stated that they had 
forgotten their observational skills because of access to high-tech medical imaging—this was a 
poignant reminder to rehone their ol>servational and assessment skills. 



First Clinician-Patient Meeting 

Each patient has limited capacity for physical work. Every aspect of therapeutic exercise must 
he justified; otherwise capacity is wasted. The objective is to determine the capacity* determine 
what is tolerable, determine the deficits, and design the best therapy to rectify the short- 
comings. Having a mad map to follow will allow you to converge on the fastest and most efficient 
journey to optimal back health. Finally you should proceed only after you have screened your 
patient for all "red flag JK conditions. The following checklist will help determine appropriate 
rehabilitation exercise, 

1 . Identify the rebabilit&tmt tjhjertivex (spedfic ke^M or p tif b rm tfttfc objectives)* The 
specific rehabilitation objective determine! the acceptable risk-to-benefit ratio. A performance 
objective carries higher risk. Since the principles of Ixidybuilding and athletic training are so 
pervasive^ you need to be sure that all patients understand the difference between athletic per- 
Jbmnance objectives and those for pain reduction and improved daily function. Generally; direct 
all efforts toward pain elimination prior to any training for performance (such as strength or 
spine motion). 

1. Consider p&tkiit age and generut condition, ^bunger patients tend to have more disco- 
genic troubles (from the teens to the fifth decade), while arthritic spines tend to begin developing 
alter 4S years and stenotic conditions after that. Note how patients walk and sit. Are they in 
noticeably n*>or conditio^ either emaciated wish little muscle mass or heavy and loose with fat 
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rather than muscle? It is also assumed chat pari em* have been medically screened and cleared 
for cardiovascular concerns, r sr any rt:d ilag conditions such as Tumors. 

}. Identify occupation and lifestyle details. ( leneraliy; you should begin by documenting 
patients 1 daily routines:: when and how they rise from and re tin: to bed! meal routines, and exer- 
cise and recreational habits. Then direct specific focus toward areas of concern, For example, if 
the patient reports watching TV for 2 hours in the evening, ask for details on the type of chair, 
ran tie of postures used, and so on. After gathering information about die patients daily routines, 
inquire about occupational demands. All of this information, when added to the clinical pre- 
senrarion^ will help you evaluare common lints. Discogenic troubles are linked with prolonged 
sitting (particularly prolonged driving) and repeated torso flexion. A passive or inactive lifestyle 
is also associated with disc troubles- Arthritic conditions, facet troubles, and the like are more 
linked with jobs and activities rhat involve large ranges of morion and higher loading. Former 
athletes such ;is soccer players also tall into this category, although long-distance runners do 
not since they do not, presumably, take the spine to the end ROM. 

4. Consider the ?nechtmism of injury. Attempts to re-create injury mechanisms are fruitful 
only when the real mechanisms are understood /these were detailed in chapters 4 and 5, Once 
identified, the mechanisms can he linked with specific tissue damage (much of which is other- 
wise not diagnosahlc). Nor only will this assist in designing the therapeutic exercise, but it will 
afs. ■ help :n LiMchsiili p.»l is-nli h> -mml I. j.i. I- hi: m l ruriim 1 1 . 1 1 co.ilil i.^:'n;^rli:Hk- l he d;iin.i£je Jiiil 
symptoms. Note that some of these will have acute onsets while others progress slowly. Slow 
onset may result in some patients' being unable to identify the mechanism of injury. Neverthe- 
less! a "culminating event 1 * is usually involved. Careful questioning about events leading up to 
that event will provide clues as to the mechanisms ofini'iiry. 

SjL Have the patient describe fbe perceived exacerbators of pain ifnd symptoms* Prompt 
the patient to describe the tasks, postures, and movements that exacerbate the pain. Examine 
these reported tasks frotn a biomechanics! perspective to determine which tissues are loaded or 
irritated, These tissues should he spared in the exercise therapy, and the exacerbating movements 
minimized. 

6. Have the patient describe the type ofpain^ its lncathn y Trhethw it is T ai!iatiiig> and spe- 
cific dermatomes rfmtf ruyotumes. Description of the type of pain is sometimes helpful; patients 
may describe their pain as deep and boring, scratchy, sizzling, at a point, general over the back 
region^ continuity changing^ and so on. \'ou may need to help some people describe their 
pain by offering adjectives to choose from. In chapters 4 and 5 1 described the Jink between 
pain types and specific tissues and syndromes. Keep in mind that dunging symptoms over 
the short tinie of an examination generally suggest more fibromyalgie syndromes, which can 
sometimes be resistive to exercise therapies — particularly ones that cause pain. The issue here is 
that pain-free motion must be found and repeated, slowly expanding the repertoire of pain- Free 
motion, 

7. Take dermatome? and myotome? into account. Wit h rad i a ting symptoms, i he dermatomes 
and myotomes can assist in undemanding the involved segmental levels and whether the pain 
originates from a specific nerve root. For example, direct pressure on die root could indicate a 
unilateral disc bulge or end-plate fracture that would cause a loss in disc height together with a 
loss of root outlet ioramen size. In this way the spinal level can he linked with the dermatome or 
myotome but not the actual tissue damage. Further, nerve root pressure Can occur at a sped fie 
spinal level on the outlet nerve, consistent with a dermatome or myotome, or on the travers- 
ing nerve from above if" there is pressure on the cauda equina centrally. Thus dermatomes and 
myotomes are another consideration when forming an opinion from the consistency obtained 
from several tests that can include medical imaging, provocative tests, and so forth, 

8. Ferfoj-fTr provocative tests, You have already observed the patient sit, rise from a chair, 
stand, and walk, You have a working diagnostic hypothesis. Once you suspect that specific tissues 
a re damaged or sensitive > you can toad them to see if loading produces pain. This is provocative 
testing. Many patients have more complex presentations, with several tissues involved. Nonethe- 
less, the provocative procedure still indicates which posrures, motion s r and loads cause pain and 
thus should he avoided when designing the therapeutic exercise. Generally patients' descriptions 
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of die activities they find exacerbating of their pain (item 5 on this list) mil guide your deci- 
sion as to which specific tissues rn bid and stress. Kot example^ lumbar extension, with ;i twist 
can provoke the facets, while the anterior shear test may he w.irr.i nteil for suspected instability 
(shown in the next few pages). 

9. Perform functional m^etnx. To determine whether a patient is moving m a spine- 
conserving and efficient way* functional screens arc used. In addition, Functional screens are 
used id indicate the suitability of a specific exercise «r as a qualifying test prior in exercise 
prescription. 

Some Provocation Tests 

Provocative testing" is intended to identify the postures, motions, and loads that cause discom- 
fort or pain. They are used to guide die design of pain-free therapeutic exercise and a .voidance 
strii regies- to remove the cause. The following \ht comprises some thai we have designed or 
quantified (or both). Since they may mimic the mechanism of injury,, it is up to the clinician 
working with the patient to set the intensity so that it is sufficient only to provoke discomfort 
and not to risk further injury, 

COMPRESSION TESTS 

In compression tests> patients generate their own loads aftd must be cautioned not To crush 
themselves but simply perceive whether the pain is worsened. 

THE HEEL DROP TEST 

Schmorl's nodes and fractured end plates result from compressive overload. Annulus damage 
typically dues nut compromise compression tolerance until the* disc is flexed. There an sev- 
eral compression tests, each one well suited to establish compressive tolerance in different 
postures and add clues for the working diagnostic hypotheses. The heel drop test can cause 
pain or fed uncomfortable- in thosy with pain-provoked compression in an upright and neutral 
Spine, True periosteum pain will be described as local and boring. 71m: dynamic load peak 
is usually around 2.5 or 3 times body weight as seen on a force plate (registering total body 
weight), Positive pain response would strengthen a hypothesis of recent end-plate damage, 
or perhaps compromise to the vertebral body u \\\m ellou* bom- il.sin.i^ 1 , osteoporotic wedge 
fracture, etc J, If the patient adopts a more extended posture, and the compression is repeated, 

provoked pain may suggest more posterior bony damage 
such as to (he facet joints Or neural arch. 

Two patienfls come to mind. The first had T9 wedge 
fracture, and upon heel drop compression, local spine pain 
■lower ihor.n ii. v.<is i o:ipird with r<*c \u- rjbdominis sensa 
tions of numbness (rectus is innervated from this spinal 
leveb. Tbe second patient had prosthetic discs at IS and 
L4 together with a flattened disc at TTQ. Once again, the 
heel drop produced local lumbar pain together with rectus 
abdominis perceptions. 

The standing heel drop test is performed with the patient 
rising onto the balls of the feet fa}. The patient then drops 
down to a flat foot, causing a rapid compressive load of the 
spine, While the test is conducted cautiously, repeated trials 
when the patient is pain free may be made more aggressive 
until a rigid drop produces a lumbar compressive magnitude 
up to about 2.5 times body weight lb). 
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SEATED COMPRESSION TESTS 

Seated cam press ion tests provide insight for determining 
whether the compression intolerance h modulated by pos- 
ture, For example, posterior disc herniations generally tolerate 
compression better when the spine is in a neutral posture, yet 
these patients feet very uneasy when the spine is flexed— this 
makes perfect sense considering the injury mechanism that 
reSies so heavily on a flexed spine. The seated compression 
test is helpfu! here, Have the patient sit upright and pull down 
on the stool seal pan, then repeat with the spine flexed with a 
sSouched sitting posture. 

The photos show (b) seated compression with the spine in 
an upright posture, (b) then repeated in a slouched posture. 
The patient grabs the side of the stool and pulls down, com- 
pressing the spine, 




EXTENSION TESTS 

Spine extension as a provocative test can be interesting, as the mechanics involve several 
structures, for example, prone relied extension iMcKenzic postures) may relieve pain, SUggSSt* 
ing that the pain was diskogenic. Although for years the mechanism was thought to be actual 
"migration" of the nucleus anteriorly, recent work has shown a more interesting phenomenon. 
As the annul us slowly and progressively breaches, layer by layer, nuclear materia! infiltrates 
the annulus. Prone extension has been shown to "wring out" the annul us and squeeze the 
nucleus fluids back inlo the annulus in some patients {Scannefl and McCHI, in press). Bui this 
also depends on the type of annulus damage and its location. Obviously a more posteriorly 
beaded partial herniation should respond to this hydraulic mechanism. Sometimes the del am E- 
nalions of the layers in the annulus [ravel around to the lateral, and even anterior, portions of 
the annulus. In These cases, extension may drive more nuclear material anteriorly following 
the rent or domination. Clinically, a side bend (known as t he *side glide" tu McKenzie-ba^d 
clinicians) is effective for some patients. We would speculate that these may be the ones with 
the lateral delami nations. The side glide is then followed by extension, which, once again, is 
effective for some/The nuclear material may be then directed back to the central nucleus or 
may be driven back to the lateral rent. 

MCKENZIE POSTURE TEST 

The patient begins in a relaxed standing posture, and the clini- 
cian asks the patient about current pain and the general feeling 
about the back. Then the patient lies prone, adopting one of lhe 
following [frree levels of the McKenzie posture progression (the 
clinician decides which is suitable based on the patten r ^flexibility 
and symptoms): 

* Prone with the arms retoxed (a) 

* Prone with the chin resting on the risls (b) 
■ Prone supported on the elbows (c) 

If the patient cannot tolerate one of these postures, the clinician 
can assume that simple disc disturbances are not the source of 
troubles, oral least not the sole source. Many with uncomplicated 
posterior disc lesions, or herniations, find relief in these postures. 
The patient then returns to the standing fKisture, A patient who 
feels more stable or has less pain compared to the moments prior 
to lying prone is classified as posterior discogenie, 
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Patterns who are posterior discogenic should avoid flexion sketches and a flexed spine under 
load when performing exercise therapy, Those who feel worse upon standing could have a 
host of other possible conditions but will probably experience better progress by adopting a 
neutral to slightly flexed lumbar posture for exercise therapy. 

TESTS FOR DETERMINING SUITABILITY FOR ROM TRAINING 
AND STRETCHING 

The McKenzie extension approach is well known tor treating acute discogenic troubles, But 
the extension postures can also be used as a test to identify those with posterior disc troubles. 
Typically, these posterior diskogenic patients should never flex the lumbar spine when it is 
under substantial loading. See the "McKenzie posture test" section. 

STANDING EXTENSION TEST 

Classical ly, the extension postures have been thought to indicate posterior element or rfeiifil 
arch damage. However, as with disc pathology, this exacerbation provides only circumstan- 
tial evidence. The standing extension provocation tests include the extension quadrani and 
the one-legged stork tret. Both postures toad the facet capsules, compress the facet articular 
interface, and bend the pars and lamina. They also close down the si^e of the lateral nerve root 

foramen and tension the anterior 
longitudinal ligament and anterior 
annuJus, Understanding the inter- 
play between these tissues helps in 
understanding the 1 sipjis ilirnnj; i ho 
standing extension postures. For 
example, sagittal plane extension 
may cause central pain that is Km her 
exacerbated by lateral bending to 
the right, then twisting to drop the 
right shoulder back. Shown in the 
pilots are fas) standing extension, 
fb} extension quadrant test, (c) one- 
legged stork test. 

The main implication, as with 
many provocation tests, is that the 
reaction to extension postures pro- 
vides circumstantial evidence. When combined with other evidence r the impression and work- 
ing diagnostic hy pothesis are strengthened of weakened. Relief with prone extension appears 
to be a strong indicator of discogenic pain from posterior annul us damage, but exacerbation 
of pain requires more bl low-up, However, in terms of designing therapy the pain e*acerba tor 
\it extender! spine in this case) has been identified and should probably be avoided, 

NEURAL TESTS 

ftiin is sometimes wTon^ly attributed to "tight muscle"' when the genesis is actually irritated 
nerve. Proper diagnosis is an important issue because the treatment of tight muscle usually 
makes an irritated nerve worse. The clinical techniques discussed here will assist in enhanc- 
i ng patient outcome, 

SITTING SLUM! 1 TEST 

Several forms of the sitting stump test can be used to elicit radiating sciatic symptoms/These 
are designed to tense the sciatic nerve and irritate the iumbar nerve roots. Typically the patient 
sits on the table or chair and then slumps or slouches. The intention is to progressively increase 
the nerve tension. 
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Then 

* the leg can be extended 
( it the knee te} t lensing the 
nerve from betow f he lumbar 
spine; 

* foot flexion ua n be a dcted rb), 
further tending the nerve; 
and finally 

* the nerve can be further 
tensed from above the lum- 
bar reason with (he addition 
of cervieat spf ne flexion (c), 

If the tension at any qf these 
stages causes symptoms, further pro- 
gressive testing is stopped, and the 

patient may be u ca ndicbte for nerve 3 t c 

flossing (described in chapter 12), 

Certainly flexion will be contraindicated for these patients during stretching and exercise. 

If flexing the neck {.foes not increase the pain, then the Sciatic rt|£ve is not [he tissue of interest 
and die clinician can begin assessing the sacroiliac {SI} joints, ihe hamstrings,, plrlfprmiSi and 
other inuscle-based syndromes, ending wi Eh the hip. However, the sfump test, Sn this farm, is 
limited— a more insightful nerve tensioning test (the passive leg raise test) is described follow- 
ing the f (script ion of the Fajerszfajn test. 

FAJERSZTAJN TEST 

The Fajersziajn test should always be performed on both legs even when the sciatica is unilateral. 
Kaisin^ -lis- ■ \w\l ui-" -. iH-.-iifil 5 .. perform she 'well let* r.ii^int; les: ul I > ■:■;'</". | " l>ci*iilmj 
bind Roth man, 1970). k.sisinv, tin- wvW leg U'n^iori^ the nerve root on the well side tn.ig.et her 
with causing tensions centrally along the midline of 1 he cauda equina and to the nerve roots 
on the opposite side fa). Sometimes pain is provoked with simultaneous cervical flexion (b). 
Rain in [He symptomatic Bide (side not raised! is an organic sign of disc lesion, usually a more 
central lesion. It is not a sign of malingering as some have suggested. 




SUPINE PASSIVE LEG RAISE TEST 

Technique while performing the !eg raise test is very important. Bo!h neural tension and mus- 
cular tension are changed with raising the leg, as with the sitting slump te^t Thus, during the 
leg raise some patients will report pain that originates from muscle tension. To sort out the 
difference, always place one hand Ik hind ihe knee so that [be fingers can palpate the ten- 
sion in the hamstring tendons (see photos On page 196). The patent's description of pain also 
assists in the impression of whether the pain is from neural or muscular tension — neural psin 
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will travel beyond the borders of the muscle (perhaps follow the sciatic tract in the buttocks 
and below the knee). 

It neural tension is present, follow up with the determination of whether the nerve root h free 
to floss. With the patient remaining in the supine posture, [he pain-generating leg is raised to 
th-e point of pai n, Thy head is raised with cervical flexion, and if that exacerbates the leg pain, 
this indicates that tension of the neural tract from above exacerbates the pain, Then the leg is 
lowered slightly. Alleviation of the pain with this maneuver establishes than releasing tension 
in [he neural tract from below I while the tension rrnrrr above remains! allows the nerve root tO 
relax. Then returning the leg to the former position that generated pain and returning the head 
to the rested position on the table should reduce the pain. This procedure will establish that the 
nerve root is flossing and not adhered. An adhered or pinched nerve root will not show differ- 
ent pain patterns from the coordinated cervical motion described here. While we have been 
able to break nerve root adhesions (postsurgical! in the past with flossing regimens, the risk of 
treating exacerbated Sciatica is large and requires strict guidance, discussed in chapter 12. 




Shown in the photos is (a} leg raised to point of pam provocation, fb) position En a with 
cervical spine flexion added— rtGw the cervical spine h flexed, does this make the pain 
worse? — ^en (c) lower the leg — does this reduce symptoms? If so, the nerve is flossing. Note 
the technique of cradling the leg m the crook of the arm so that the fingers can palpate the 
hamstring tendons, 

While performing the supine passive leg raise, monitor muscle tension by using the lingers 
to palpate the hamstrings. The leg is raised to the point of pain provocation (af. Then the cer- 
vical spi ne is flexed to further tension the spinal cord from above the lumbar roots fb}. if the 
pain is exacerbated either in the hack or along the sciatic tract in the lower extremity, neural 
tension is considered, the culprit. Then the leg is lowered (c). If the pain is reduced, (his is a 
clear indication that the nerve root is not adhered. 

REFLEX TESTING TO FIND BEST POSTURES FOR NERVE MOBILIZATION 

Peripheral reflexes such as the patellar reflex or the Achilles reflex are modulated by lumbar root 
tension or compromise. However; the actual nerve root tension that is modulated by posture is 
rarely considered, For example., [he patient with n diminished patellar reflex during the typical 
upright sitting posture will I - *? recorded as compromised. Yet in some of these patients, the reflex is 
restored when the posture is changed to reduce the neural tension. In this case, a logical posture 
would be to have the pafieni fie back., If a stronger refpfs was measured in this new posture, it 
would he established that ihe. reflex is postural and therefore biomechanically modulated. 

TEST FOR POSTU RALLY MODULATED REFLEX DIMINUTION 

Reflex intensity is evaluated as a function of neural tension. Adjust the seated posture to 
modulate the neural tension to determine if the reflexes are modulated — (brexample r in a 
flexed posture causing neural tension, or an extended posture fb), slackening the neural 
tract (or other posiures in between). If a stronger reflex response is generated in posture b then 
this wilf be adapted during "flossing" routines (see page 21 71 
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TESTING FOR LUMBAR JOINT SHEAR STABILITY 

Chapters 4 and 5 offer a we I!- developed discussion of the role of the lumbar extensors ^longis- 
sjrnus thoracis and iliocostal is lumbomml i n supporting anterror-rjosterior shear of the vertebral 
motion yjgmefits. These muscles stiffen: against unstable motion in [he shear plane. m feet, 
good stabilisation exercise must involve these musctes. A simple manual test for iumhar joint 
shear stability is presented here, if the result is positive (Le, r the patient has pain provoked by 
shear instability), the patient could benefit by reducing t ho aberrant shear motion and wilhb 
we! I with stabilization exercises that groove cocontracting motor patterns of the shear mus- 
culature (Hicks el at, 2005). 

MAM UAL TESTING FOR LUMBAR JOINT SHEAR STABILITY 

The patient lies prone with the body on a table, the legs over the edge, and the feet on the 
floor. The person must relax the torso musculature. The clinician then applies direct force 
downward onto each spinous process in turn (a) (starting at the sacrum, then L5, L4, L3, etc.). 
The force applied shoufd J>e no more than 1 kg (2 lb}, and is applied in an oscillatory way to 
"rattle" the s£gmen(. Unstable segments arc identified when cither the person report* pain or 
the clinician feels actual shear displacement, but the patient's reporting of segrnenE -specific 
pain, in this case, is given more consideration. Then the patient is asked to slightly raise the 
legs off the floor to contract the back extensors (bj. The clinician once again applies force on 
each spinous process, using the same technique as before. By virtue of their lines of action, 
the lumbar extensors will reduce shearing instability if present. If pain is present in the resting 
position but then disappears or subsides with the active cocontraction, the test is posiitivu. 
Rttients who indicate more pain during active contraction may he compression intolerant, 
Or they may be trying to extend their legs wilh lumbar extension rather than hip extension. 
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Correction of (his aberrant partem may help make Lhe test more precise- This test prows con- 
dtisfody that activating the extensor stabilizes the shear instability and eliminates the pain, 
^^low the Eriek is to incorporate theive extensor motor patterns into exercise prescriptions to 
carry over to daily activities. 



A Note on Motion Palpation 

Some clinicians use rheir hands to feel specific vertebral morion during a whole-trunk moiion 
such as flexion or twisting. When they detect a * blocked" or "'sti ff- feeling 1 ' Segment, they often 
declare it pathological and make it the target of mobilising treatment, Clinicians rarely, hnw- 
ever + cf .insider the flexibility in the spinous process xml bony n curat arch noted in chaprer 4. ~\\\ u < if 
my PhD students questioned whether the asymmetric fee] to a specific jkiinr was true pathology or 
simply asymmetric anatomy — perhaps asynranetric facet joints (Rosa, BereKiisck, and MoGill, 1 999). 
\W t:art:1ulh ducumenuny ibe mun'on <kx i.h i-Mijd :ir ilu- din- ;md in ilv spinous prot .v- in : \ 
specimens, together with the applied loads (similar to clinical loads), they were ahle to quantity the 
effect of anatomy. The results demonstrated that over half of the i notion felt by die clinician was 
actually the spinous process flexing ami landing (see. figure 1 1-1) and notveitebral body motion, 
Those joints that were anatomically asymmetric had asymmetric motion under an applied load 
from the clinician. Treating such a joint with mobilization tlierapy would Lie fruitless 

Distinguishing Between Lumbar and Hip Problems 

Pain in the huttocl: or radiating down the leg (or hoth) can have more than one source. For 
effective treatment, you must discover whether that source is in the lumbar spine or in the SI 
joints, in various muscles, or in tissues around the hip or even the hip joint itself, 

J am continually surprised at the nuinher of people with back troubles who also have hip 
troubles (Met ■ ill and colleagues [2005 1 noted a correlation between back troubles and hip 




-0.5 0 0.5 1 1.5 

Displacement (mm) 



Figure 1 1 .1 Latera I forces were a ppl ied to the tip of the spi nous process by d i nic rans to cadaveric 
motion segments to mimic motion-palpation testing. Most of the motion measured in the spinous 
process, which is what the clinician leds, took place in (lie spinous process bending rather than 
in the disc. Moreover, asymmetric anatomy resulted in asymmetric molion when loaded to mimic 
the clinician's hand forces, suggesting Ehar this test should nor be used solely to determine I he site 
of mobilizing treatment. 
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pathology in factory workers). It is sometimes difficult 10 separate hip pain from lumbar trouble 
since deep huttoclt pain cm lw: sciatic (lumbar) or originate in rlif: hip jninr. J vpu-riElyi medial 
and anterior thigh pain are indicators of hip pathology. If hip tests are indicated lyy the nerve 
tension tests described in the previous section (i.e., they were negative), flexion and rotation 
tests should be performed, 

HIP FLEXJON AND ROTATION TESTS 

Have the patient lie supine with the 1 hip ricked. Rotate The patient's thigh segnient into hip 
internal rotation (a J, Stiffness or pain \$ a positive indicator of hip concerns-. Hip joint pain 
is somewhat distinctive with radial ion into the groin, or along the inguinal crease or medial- 
anterior thigh (or some combination of these). Then flex the patient's hip tbj while The fcnee 
is moved in circular motions, scouring the acetabulum, but with the knee bent so as not to 
confuse any pain with nerve tension related to the back, 




Some Functional Screens 

Pain is, present because the hack is currently a weak link, Functional tests help to sort one why 
the back is a wesil: link and help indicate what is required to bolder the deficit. Some tests are 
postural ly based while others assess control of motion. 

POSTURAL TESTS 

The following postural tests are very helpful. Recall thai screening need not involve manipu- 
lation or special positions, Some of the most useful "tests" are simply a matter of intelligent 
observation. 

THE SITTING POSTURE . 



What is so incredible is thaT patients with troubled backs mos! often sit in a 
way that causes more back troubles. For example, patients who show flexion 
intolerance during provocative tests often havfc a typical sitting posture that 
involves a lot of spine flexion. In a similar way, those who show extension 
in solera nee will more often sit with a spine (ocked into extension. Thus, 
the sitting posiurr is the first clue in hypothesis formation si no this is often 
the posture l hat is first observed of the patient in the waiting area. Sitting 
in The waiting room in a flexed posture often suggests a flexion-intoleranT 
patiem. 
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RISING FROM THE CHAIR 

Rising from a chair can be very revealing of numerous motion and motor patterns, For example, 
for the flexion-intolerant patient, rising from a c hair is initiated first by more lumbar flexion 
and even sometimes hap extension &ee page i&ii. 5m:h patients are moving to exacerbate 
!he painful li&^ue^ preventing their recovery. A conserving approach for the flexion-inlolerant 
spine would be to initial the movement with a fining of the chest, causing lumbar extension 
first with c^rri^f landing hip flexion motion, The feet are underneath the center of mass of the 
body, and hip extension drive is dominated by gluteal muscle activation. Hip power in this 
case is often helped by shirting the pelvis forward in the chair and planting the feet wider 
apart on the floor, 

Also, rising from a chair often reveals spine "hi nges." These are regions, or motion segments, 
where a disproportionate amount of the motion occurs. These overused regions are often the 
Site of local symptoms, and until they are addressed, the back often remain* chronic. 

Motion restrictions other than in the spine may also be observed, for example in the hip, 
knee, or ankle. These restrictions may be complicating the hypothesis and may or may not 
become a component of the back therapy. 

THE STANDING PATTERN 

Al I sorts of clues are revealed i n the standing posture. Simple palpation of the standing patient s 
lumbar extensor muscles will reveal If the patient is chronically crushing the back with exten- 
sor contraction. Simple postural corrections such as hip extension, retracting the shoulders 
posteriorly, pulling in the chrn. and so on can shut these muscles off. 

No amount of muscle relaxants will shut off the painful beck muscles if the patient stands 
in a slouched posture. Standing to spare the spine requires a finely tuned blend of postural 
adjustments and muscle activation patterns. One correction is to "steer" the thumbs \n esrernj : 
rotation, retracting the shoulders (see 6 and d to a spine- spa ring corrected posture, 

Yet other patients stand wi!h no measurable extensor or abdominal muscle activation — they 
simply balance on their passive elastic spine Eissues. These tend to be those who have thick 
torsos with flaccid abdominal walls, Fc»r these patients, correction achieving pain reduuinn 
involves mild abdominal contraction; 2% or 3% of maximal voluntary contraction is considered 
normal abdominal wall muscle "tone" during standing (juker et aL, 1 998). The photos show 
the standing pattern, fa) aberrant, {b f c) external m^iticm of the thumb? with chin retraction, 
and (d) corrected posture with no chronic back muscle contraction. 
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THE GAIT PATTERN 

Is wa Eking a provoking task? if so, can ir be 
turned into a therapy? Many clues can be 
oblained during observation of walking patterns, 
For example, slouched postures, small steps, 
swinging amis from the elbows "duck feet/ 
and a low-cadence shuffle are a! I suggestions 
that walking is an exacerbating activity for the 
patient. Correcting fihcst will turn walking from 
an exacerbating activity into a therapy. Lifting 
the chest, swi ngi rig the arms from the shoulders, 
taking longer and faster steps, or correcting 
"duck feet" will often relieve pain (see photoh 
The biomechanical changes show more efficient 
storage and recovery of elastic energy, actuafly 
reducing spine loads with this approach. Further, 
wa iking is changed from a static spine activity 
into a reciprocating motion and load activity, 
Tlie photos show the gait pattern, fai aberrant a 
and fb) corrected. 

Observing [he dynamics of the rib cage relative to the pelvis is 
also revealing. A lumbar spine may be "nut of control" with targe 
motion; pain in these patients is often relieved with abdominal 
bracing patterns. Vet others with lumbar symptoms may be overly 
stiff En the thoracic and shoulder regions, with motion occurring 
only in the lumbar region. Too many young mafes who are body- 
building tall into this category. The correction is to have 1 them walk 
wiih little stiffness above the lumbar region arte! with some stiffness 
in I he lumbar region. Developing some "attitude" during walking 
often helps. Using phrases such as "walk like you own the world" 
or "walk with no worries" often lightens the upper regions l;o unload 
the painful lumbar spine. 

MANUAL ILIAC CREST COMPRESSION 

Another tost involves manual compression of the iliac crests or the 
trochanters of the hips. This may alleviate pain, suggesting that some 
instability in the pelvic ring is a cause — perhaps pubis symphysis or 
SI, This would require some consideration tor pelvic instability. 





MANUAL TESTS FOR CONTROL OF MOTION 



Control of motion requires all of the attributes of physical performance — motor control, strength, 
endurance,, specific flexibility, and soon, The following screens will assist in identifying some 
of these deficits together with acting as qualifying tests prior to engagement in more progres- 
sive therapeutic exercise. 

PROPRIOCEPTION ACUITY 

The ability to find a pa in- free position tor the spine appears to l>e compromised in chronic 
backs. Clearly this ability can be trained (Hreuss el aL 2005). We have developed the "wall 
plank," which helps to identify those 1 who unable to accurately reposition their spine and 
also becomes a training exercise. 

Waif planks begin with the patient's finding and grooving the "sweet spot" for minimal or 
no pain, rhe clinician moves the pelvis toward the wall using a combination of hip and spine 
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with the fingers to stimulate oblique muscle activation, fc) The shoulder and latissimus may 
be brushed to tut 1 the be king initiation of the tQtfSO rotation wcth Lasti^iiTtoS dorse, id) Finalty, 
the locked torso is ^grooved" into the proprioceptive system of the patient, 

Once the pain-tree posture is found, the palient spins on the balls of the feet with the rib 
cage locked to the pelvis so that no lumbar motion occurs (C f d). The plank position is then 
taken once again. If the "sweet spot" ftx pain- free lumbar posture ha£ been lost, the exercise 
is repeafed to groove the pain-free position into the movement and posture repertoire. 

LOOKING FOR SPINAL "HINGES" 

Hinges ary motion segments that bear mure of their share of the motion, In the sagittal plane 
they are seen during sitting down or during standing flexion. A common beat ion is the tho- 
racolumbar junction. In athletic populations, a successful strategy is often to buttress this 
lack of stiffness with latissimus dorsi activation through shoulder depression with the rib cage 
lifted (see McGMIj 2006). Lumbar hinges are usually better buttressed with .isi abdominal 
brace (within the compression tolerance of the spine and at the sufficient level). Sometimes 
torsional hinges occur. These can be addressed through learned avoidance Gf painful twisting 
or through buttressing with an appropriate m uscular brace (or both), Over time, the natural 
"degenerative cascade" will work in favor of the patient to stiffen the painful segment. In this 
way the arthritic or degenerative process acts to stabs Size the painful segment (or hinge). But 
the Hinkal objective is to restore pain-free function in the meantime. 
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A flexion hinge (arrow) at L2-L3 is the site of pain in this flexion- intolerant former athlete. 
Here the patient starts on the hands and knees and rocks the buttocks back to the heels, trying 
to maintain 3 neutral spine. General abdominal bracing removed his pain together with spine- 
pelvis position awareness training. 



The "Stiff" Spine 

Not nil spines are painful because of instability Rather, some are stiffened with muscular contrac- 
tion and locked into n pained pasture. The chronic muscular Jock, however, is often secondary 
to tissue tlaniage and local instability: But it is the choice of coping strategy thut is causing the 
chronic symptoms. The muscular reaction is simply inappropriate: It is probably far too intense 
and is more than is needed to he "sufficient," As noted earlier, stiffness- is often regional and 
various clinical approaches can be employed, ranging from passive approaches tu active learned 
morion patterns with less muscular stiffening. 

Control of Torsional Motion 

Other forms of aberrant motion, may indicare poor lumhar control which is in contrast with 
the local segmental instabilities shown previously. For example, rotational disconnect of tbc rib 
cage and pelvis during the push-up test described here can indicate that more work is required 
for enhancing lumbar control. 

TORSIONAL CONTROL TESTS 

All of the torsional feStS described here indicate the presence or absence or the control neces- 
sary pnsx to engagement in torsional training, 

PUSH-UP TESTS 

A fief the partem lakes a correct push-up position fa), have the patient lift one hand in a con- 
trolled motion and platt? it over the other ft? J. Til is is good form and shows torsional control, 
Poor control is shown in h i i:ontra indicating further torsional training without ri&k, The pelvic 
and rib cage should remain level if torsional control is achieved. 

The onc-iegRed hip extension from the push-op position provides a sfmi la r indicator of con- 
trol (or lack thereof), A pelvis locked to the rib cage during raising one teg with hip extension 
also indicates lumbar torsional control (d). Hiking the pelvis indicates poor lumbar torsions) 
control. 
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BACK BRIDGE TEST 

The back bridge with a extended also indicates tor- 
si* h).a\ control , While this w&$ originally proposed! as a test 
for pefvic stability (Mens et al., 1999), we have found that 
it indicates lumbar torsional control, stiffness and stability 
(Liebenson etaL m press J. 

Have your pafieol get into the hack bridge position, 
then ask the patient to extend one leg slowly. The patient 
should ho <ihle Us usntrof this motion with no twisting or 
flexion in the lumbar region. 



Testing for Aberrant Gross Lumbar Motion 

Lftoh\ spine instabilities arc detected in sever a f waj^, The more skilled clinicians simply "see'" 
them, ['hey appear as small deviations in the three-dimensional motion profiles. For example, 
the spine may "dunk" during standing flexion when the lumbar spine bends through 14°, This 
is repeats hie once the refractory period has passed. The refractory period is nest a set time 
but a condition in which die unstable joint is able to shift back to a neutral position so dial it 
is able tn clunk .ij;iin. E In; VluuW are almost always manifested In a shear mode. Sometimes 
they are audible with the naked ear or widi a stethoscope. Other times they are a simple and 
ven" subtle shift in motion as die spine is moving in a specific way, but they cause pain at that 
instant. Correction exercises involve avoidance of the motion that causes [he pain, buttressing 
of the instability with an appropriate bracing pattern, nr both- A sbUal clinician wilt see these 
instabilities through unaided observation; however, 1 have also found die use of tccbnoloj^y 
helpful, particularly when T have to document these cases for medical -legal report. "1'bc fol- 
lowing are a few examples. 

Aberrant Gross Lumbar Motion and Electromyographic Evidence 

The usual practice is to test for ROM about die three primary ajres of motion by determining 
ihe degrees of motion possible from neutral, For example, a flexion ROM may be determined to 
he 45 u from neutral (usually using stanoing posture as a reference base), As previously pointed 
Out, this single number is of little use as an indicator of pathology or lor Emidiiig therafxjutic 
exercise decisions. Other well-known pathology markers include the inability to achieve myo- 
electric silence in the extensors at full flexion (and that full flexion is not reached — see figure 
112). However, path ologyi nay manifest within moderate ranges of motion, and simultaneously 
in ases other than the primary plane of motion. Hie following example illustrates this point. 
As one bends forward in the sagutal plane, there might he a small amount of morion that will 
occur in the lateral bend or axial twist axis, and that ss repeatable every time the spine passes 
a certain flexion position, This indicates an instability catch or "clunk," These are seen in the 
examples shown in figures 1 1,3 and I l r 4. 

The first patient (figure 1 L3)had a ^normal" ROM and by traditional tests would have been 
classed as "normal. 1 " Yet during a lateral bend test (frotn neutral 0 a to 21°), every time the spine 
bent laterally passing 1 7°, a small flexion hitch occurred in the flexion axis of a degree and a half, 
This was repea table and occurred every time the spine passed 17° of lateral liend. The point is 
that the motion pathology was not in the lateral bend axis but was seen in the flexion axis. These 
very subtle aberrant catches in r_he " l of'r axes are often missed during examination. The more 
skillet! clinicians see these with their eyes or feel them with, their hands, 

In the second example (figure 1 1.4), a "clunk"' or "catch" was observed in the flexion axis as 
the patient Hexed forward and passed 3iT — this was repeatable and observed in every flexion 
attempt. Interestingly, this instability catch, as well as associated pain, was cured with some 
muscle pattern inland stiffening in a very short period of dine. Sometimes patients will report pain 
as the "catch 7 * occurs, and sometimes there is evidence of muscle activation bursts; but many 
patients will simply move through the region. We use an electromagnetic instrument that 
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Figure 11,2 Flexion Response Test, 



Tl ill 1 
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Figure 11. J Hi is patient had a normal ROM but demonstrated an """"instability catch." During a lateral bend Best I From 
neutral to every time the spine bent laterally passing 1 7° (event A.) (b) r a small flexion hitch of a degree and a 
half occurred in the flexion axis (event B) fa). This occurred every Time (he spine passed 17* of lateral bend. There was no 
deviation in the rwist axis fet The bottom curve represenls Ehe first derivative of [he iloxion curve, which we use to better 
locate instability. The spike l.event Q (d) clearly indi cases l ho poinl al which the instability occurred in l he flexion axis. In 
this patient, a mu&te activalion pattern was identified lhat removed the dunk or catch. 
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Figure 11.3 {continued} 
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Figure 1 1,4 Jn thb patient an instability catch or "clunk' 1 occurred in the primary axis of motion (flexion). M be flexed, 
the clunk was seen in the flexion axis, at 30 2 (event A) fa J, This occurred in every trial of forward flexion. The instability 
is evident l.event Bj in the third derivative of the flexion axis motion (b)< The rehabilitating objective was to stabilize the 
spine to eliminate the clunk. This was not fully successful over the short term. Symptoms resolved only when the patient 
developed spine position awareness and was able to avoid flexion to 30°. 
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tracks thr^-dimensional spine mutton and graphi- 
cally displays the results. Sometimes the catches are 
50 ■vfeihrlt! 1 that it is far more illuminating to rake the 
first derivative of the axis with the catch, Patients have 
a much higher incidence of these catches (Peach umd 
McGill N than norma Es + indicating inability, 

Normals who demonstrate these "eatches.* may be at 
elevated risk for becoming patients according to the 
ahrn ;iih s!iu:ii mi siindel ul Rich irdsi m :m .. ciAU .m.i.il s 
(iWO). 

A final example is very- striking. One patient arrived 
after seeing many specialists who told him that his 
problems were in his head. He had intransigent sci- 
atica and could not stand the weight of a bedsheet on 
his foot, The specialists had treated his foot! I asked 
him what caused his pain and he started to wind 
his upper torso around. As he approached upright 
standing 1 heard a grind and pop from his low ha els 
and he yelled out in pain, Clearly he had a massive 
spinal instability with a trapped lumbar nerve root 
(see figures l%5 and 11. 6). Upon looking at his 
motion iind mus-Hi- uk^'tmmyogram (KAlfi) data, 
[ could see that his spine became unstable when 
the muscles shutdown as he returned to an upright 
posture. His nerves were highly sensitized, account- 
ing for his seemingly bizarre (to others — not to us) 
behavior, We showed him some muscle bracing 
patterns * which removed the audible chink within 
about four days. After rapid pro^ress h he was pain 
free in about three months. Bracing took away the 
daily irritation to the sensitized tissues. The bracing 
then also allowed his tissues to desensitize. We have 
done this time and time again with patients who have 
had no success with other approaches — the approach 
can be very suecesshJ with these unstable patients. We 
have many instances of these patients who are suicidal 
with their pain and who have been cold it is in their 
head- it is tragic. 

Testing for Aberrant Motor Patterns 
During Challenged Breathing 

lite test fbr aberrant motor patterns during heavy 
breathing is rather sophisticated, but it es alxnittbe only 
way to identify a person's ability to maintain spine stabil- 
ity during m s k s t h ai re qui re h igh l 1 r p h vsi< 3 1 1 jgica I w( jrk 
rates. {Candidates for this type of test include ath- 
letes and occupational workers such as construction 
workers, and warehouse employees, We explored the 
link between breathing and spine stability- previously 
(pages 1 86- 1 87). Challenged breathing requites heavy 
involvement of the abdominal muscles, Because we 
monitor the muscles with EMC electrodes and 
because muscle fatigue changes the KMC! signal, 
we avoid creating heavy lung vendition with eKer- 
cise for this test. (\ T ote that this consideration is only 
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Figjure 1 1.6 Teaching the patient (same patient as figure 1 1 .5) the abdominal brace (%} removed the instability (b) as ihe patient rep- 
licated the torse winding task tlvil wo.? formerly problematic. 



CHALLENGED BREATHING TEST 

During this lest the person breathes a 10% CO, gas mixture lo ele vale the 
lung ventilation with only a few breaths, but the O, is adjusted so that 
the light- headed ness that accompanies hyperventilation does not occur, 
Then- a weight r usually about 1 5 kg {33 lb} for (he average man, is placed 
in the hands white the torso is fexed forward about the hips to approxi- 
mately 30*. THfe test reveals those who have aberrant motor patterns in 
the abdominal muscles during challenged breathing lhal compromise 
lumbar stability. 
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for testing m d that we will intentionally increase the physiological work rate for exercise* in 
chapter 13,) 

Good spine stabilisation patterns observed in the muscle EMG signal obtained during the 
challenged breathing test include a constant, muscle encontraetion emu ring spine Stability- 
Figure H.7Z* and shows stable and unstable [patterns. Our computerized analysis package 
measures spine stability using the methods explained in chapter 6. Many clinicians will nut have 
rhis capability but should still look for constant levels of abdominal wall activation, Padents 
who are poor at stabilization hi these situari ons will demonstrate short, t ci n [>( ira rv re( luetions in 
activation or even loss of activation. These mark the critical instances at which spine instability 
can occur, and classify the person as a candidate for spine stabilization during high physiological 
work rates. These patients must learn to contract the spine stabilization muscles independently 
oFcliaileii£od breathing Eo ensure spine stability in conditions of heavy work. 

There are many other provocation tests and functional screens suited for more athletic 
populations. Some are able to determine the starting load for serious resistance training w r hiJe 
others indicate basic movement flaws that must be corrected prior to rit^orous training such as 
with plvometrics, A few of chese are shown in my hook U/thxittr Back Fitness and Ptiftrtmnw 
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Figure 11.7 Good spine stahilijaiion patterns during rho CO, hreathinR lost include j constam muscle cocontractton, 
whw h i-mmiu^ sp iic- hlrihtlih . \hiih (a> st-iblr: wtlh L-.onsla-n; n ..si !■■ ,n SiwiHiMi .iru h- un^.ih c v.ii:..lik- . : : jc oiniiu i iuh Ic 
active inn patterns are shown. 
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Testing Muscle Endurance 

Severn! specific tesrs thai can hdp you assess your patients and plan the most appropriate 
txcrdse are described in this SeetiurL You are the- final jutl^e as to which tciits arc reliant fur 
specific patients. 

MUSCULAR ENDURANCE TESTS 

While Biertng-Sorensen (1964) showed that decreased torso extensor endurance predicts [hose 
who arc at greater risk of future back troubles, recent work has suggested that the balance of 
endurance among the torso flexors, erfensors, and lateral musru lature better discriminates those 
who have had back troubles from those who have nol» Because these three muscle groups are 
involved in Spite stability during virtually any task r the endurance Should be measured in all 
three, Simple tests that isolate these groups of muscles are difficult to find; I chose the follow- 
ing tests because each was shown to have high reliabitiry coefficients, at least .98 or higher, 
when re pc a ted over live consecutive day* (McGill, Chi Ids, c ind I iebensun, 1 <W j, 

LATERAL MUSCULATURE TEST 

The lateral musculature is tested with the person lying in the full side-bridge position. LegrS 
are extended, and the lop foot is placed in iron! of the lower foot for support. Subjects sup- 
port themselves on one elbow and on their feet while lifting their hips off the flour to create 
a straight line over their body length. The uninvolved arm is held across the chest with the 
hand placed on the opposite shoulder. Failure occurs when the person loses the straight-back 
posture and the hip returns to the ground. 




FLEXOR ENDURANCE TEST 

Testing endurance of the flexors (rectus) begins wilh the person in a sit-up posture with the 
back resting against a jigangfed al 55* from the floor faJ P Both knees and hips are flexed 90*; 
(he arms <ire folded across the chest with the hands placed on the opposite shoulder; and 
loesare secured under toe straps. To began, the jig is pulled back 10 cm (4 ial and the person 
holds the isometric posture as long as possible (b). Failure is determined to occur when any 
part of the person's back tnuches the jig. 
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BACK EXTENSORS TEST 

The back extensors are tested in the "Biering-Sorensen pos^r^f>n'■ , with the upper body cantile- 
vercd out over the end of a test bench and with the pelvis, knees, and hips secured. The upper 
limbs are held across the ctet with the hand;? resting on the opposite shoulder^ Failure occurs 
when the upper body riropF. from the horizontal position. 




Normative Data 

Normative absolute endurance times collected frotn young healthy individual* are listed in table 
I I . I . Note that women have greater endurance than men in die extensors. Further, the flexor 
endurance time (as a proportion fifths extensor endurance time) for healthy young men h about 
.X 4. while other tests have yielded lower ratios for healthy older men. AleCall and wlleagues 
(2003) showed that the relationship of endurance among the anterior, lateral, and posterior 
musculature is upset once back troubles begin (see table 11.2); that upset in the relationship 
remains long after the symptoms have resolved, Tyjiicdly extensor en dura nee is diminished 
relative to both the flexors and the lateral musculature in those with lingering- troubles, A final 
note regarding patient endurance testing: There is nn need to exacerhate the pain in patients, 
with endu ranee testing beeause their daily variation in pain will invalidate iheir results, Wait 

.il the\ MVpjin fi hi m : resist lli::ur^e K < "inun the U-s^ '' R, I. hei I iui Id i-i= i h.i .■ n:.:.- 

wirh the reverse pyramid approach introduced in the section on endurance training (chapter 
!(]) antl with repeated sers e^f shorter-duration holds. 



Table 11.1 Mean Endurance Times (sec) and Ratios Normalized 
to the Extensor Endurance Test Score 

Mean age? 2 1 yrs. mien; ii ^ 92; women: n ^ 137) 





MEN 


WOMEN 


ALL 


Task 


Mean 




Ralto 


Mcdn 


SD 


R.itio 


i\tan 


SD 


Ralio 


Extension 


161 


61 


1.0 


165 


60 


1,0 


171 


62 


1,0 


Flexion 


136 


66 


0.84 


134 


ei 


0.72 


134 


76 


0.77 


RSE 


95 


32 


0.59 


75 


32 


0.40 


83 


33 


0.40 


LSB 


99 


37 


0,61 


78 


32 


0.42 


86 


3b 


0.50 


Flexion/extension ratio 


0.84 


0.72 


0,77 


R5MSB mlio 


0.96 


0.96 


0.96 


RSB/e^tension 


o.sa 


0.40 


OAS 


1 Sfl/eKicns-ion 




0.42 


O.SO 



Uu? mCIos defer rwned for Gad* indwHdua? and fher* averaged, They are nor donved simply by dividing the jiverage scores od rlw 
RSB = rifthr skJ&bri4%e; Lsb = Ktfi Ude bridj^ 
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Interpreting Endurance Scores 

Interpreting absolute endurance is probably secondary to interpreting the relationship among 
rh.- must- 1 1' irruups :\\>. \i • v-. hiur.il, _t. 11 1 1 £ xruusois). \i irmally. ilu k jJ3c ivt Lnp; ilisnvpLisiniis 
.suggest unbalanced endurant:^ {nutu that the last ratio is a stren^h-to-endunmct. 1 ratio). 

Right-sidt bridge/left-side bridge endurance > 0,05 

Flexion/ exte nsion endurance > 1.0 
Side bridge (either side)/extension endurance > 0,75 
Extensor strength (Nm)/extcnsor endurance (sec) > 4.0 

Notre that several scientist; have applied these to special populations such as elite golfers. It 
appears thai this group has higher lateral endurance than nomnaL Such special groups will not 
conform to the ^average scores." 

Table 1 1 .2 Mean Endurance Times Comparing Normal Workers 
With Those Who Have Had Back Disorders 

Men, mean age 34 yr (fiewr had back troubles: n m 24; lost work due to LBDi n - 26) from the same 
wmfcplau?. Variable J lui hi i- sij»nifte^fitly different l^lWHtm fchthifi with a hidnfy and Iho&e ^vho hav^ 
never had troubles have an asterisk, ^ote that all men were asymptomatic at the time of testing; These 
are longdingeiing deficits subsequent to back troubles. 





NO BACKTROUBLES 


HISTORY OF DISABtING 
BACK TROUBLES 


Task 


Mean 


SO 


Ratio 


Me-an 


$D 


Ratio 


Extension 


101 


35 


1.0 


90 


49 


1,0 




6& 


23 


0.64 


M 


45 


0.93 


RSB 


54 


21 


0.52 




23 


0.64 


L5B 


54 


22 


0.52 


&5 


27 


0.72 


Flexion/extension ratto* 


071 


0.26 




1 AS 


0.6b 




RSB/LSB ratio'* 


1.05 


0J2 




0.93 


0.22 




RSB/exrension 54 


0..=57 


0.2 £ 




0.97 


1.20 




LSG/extension* 








1 .03 


1.16 
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CHAPTER 1 2 

Developing 

the Exercise Program 



The exercises described in this chapter compose a program founded on the principles discussed 
i n previf his chapte rs.. This progra in i s su ffiei eni for m a ny patients and ft) r those interested in 
optimal, back health. For those with performance ambitions* chapter li offers more advanced 
versions. While 1 claim no expertise 1>eyond the low back, F will broach other issues [hat have 
implications for the hack. For exampEe 1 improper technique when one is performing Kip and 
knee mobilization and sketching can compromise tlic back; fur this reason I have included them 
here. Upon completion of this chapter you will be able to design exercise that: challenges muscle 
and establishes stabilizing motor patterns, hut spares tbi: spine. The focus here is clearly on the 
patient and low back health for everyday activity. 

Before presenting die e?ferdses 3 1 will review some of the basic ideas discussed in the text 
thus ftr, establish how to stretch with our stressing the hack* clarify Issues regarding abdominal 
hollowi ng and bracing and introduce the technique of flossing the nerve roots for those with 
sciatica. 

Philosophy of Low Back Exercise Design 

Many traditional notions that exercise professionals l -onsider ,u U- principk'-, ihiv.u-iviv- 1 Ik-sign, 
particularly when dealing with the low hack., may not be as well supported with data as generally 
thought. As previously noted, many clinicians still prescribe sit-ups — usually with the proviso 
that ihe knees remain hem.- The return spinal loading of well over 5000 N of compression 
to a fully flexed lumbar spine clearly shows the folly of such a. recommendation. Other experts 
still recommend the posterior pelvic ti.lt when performing many types of low back exercise. 
This actually increases the risk of injury by flexing die lumbar joints and loading passive tissues. 
The recommendation of flattening the lumbar region to the floor when perficirmingahdomina! 
exercise is another version of this ill-founded philosophy. Many continue to liclieve that having 
stronger back and abdominal muscles is protective and reduces bad back episodes, even though 
Lno.ro and colleagues (1995) 1 among others^ showed that muscle endi.irance 1 not strength, is. 
more prutecttve. This should not be misinterpreted to mean that having stronger muscles is 
not a good objective; rather, it reflects on many of the strength training approaches currently 
used that create back patients. Myths, still remain regarding the need for greater lumbar mobil- 
ity^ which the evidence suggests leads to more hack troubles — not less (e_g_ h Biering-So ren sen , 
1984)! Finally, we are disturbed by the tact that replicating the motion and spine loads that occur 
during the use of many low back extensor machines 3 intended as training and therapy, produced 
disc herniations when applied to spines in our laboratory! 
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Clinical Wisdom 



Clearly, some current clinical wisdom needs to be reexamined in the light of the scientific evi- 
dence much of which has heen presented in this. book. This evidence seems- to indicare thai rhe 
safest and moat mechanically justifiable approach to enhancing lumbar stability through tisercin 
is to emphasise endurance over strength. Clinicians using such an approach should encourage 
patients to maintain a neutral spine posture when uiuIlt Lad ami ust' abdominal comittractkui 
and bracing in a Junctional way. The bodybuilding approaeb often used in rehabilitation is not 
jfynujiyinou&ttith health objectives and results in additional risk to create joint loading through 
a range of motion and the often simple motor patterns that are not optimal for ensuring joint 
stability'. 

Sparing the Back While Stretching the Hips and Knees 

Given that spasms m the psoas, which produce a shortening and hip extension, restriction, are 
common in those with back troubles (McGHl etaL ^ ( Js, these people would probable benefit 
from hip stretching and other range of motion exercises. Sometimes, however, poor tcehiltuuc 
during the stretching of hip and knee tissues leads to unnecessary loading of the lumbar spine. 
This can easily he avoided by changing technique. A general guideline for sparing the hack is 
to maintain an upright torso posture wMle performing hip and knee work. Preservation of a 
neutral spine ensures minimal loading from passive tissues. An upright torso minimises the 
reaction torques, the associated muscle contraction^ and spine load. Abdominal bracing to 
an appropriate level is sometimes required for pain control. For examples lunges are a good 
exercise for challenging strength, endurance, balance, and mobility in die lower extremities. 
Lower exrremity capability is needed to facilitate spine -spa ring postures when lifting and when 
performing a host of other tasks. 

The technique for sparing the back is to maintain an upright torso posture while performing 
the lunge (see figure Some clinicians recommend keeping the back leg straight* which 
eauses patients to flex the torso forward. This is pOO* form for sparing the laack (see figure 12.2). 
A ye [i era I principle is to keep the torso upright with a neutral lumbar spine while stretching 




Figure 12-1 fhe npfr>e is spared performing 
the lunge by maintaining an upright mrso and 
a neutral spine curvalurc. 




Figure 12.2 Some: clinicians recommend 
keeping the back leg straight while perform- 
ing lunges, which causes patients to flex the 
torso forward. This is poor form for sparing 
ihe hack, 
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joints other than Lhe back. Figure 113, a and for cample, shows spin* sparring postures for 
stretching the quads and the hip adductors, respectively. Finally, the lunpL- with j neutral spine 
stretches iliacus more than psoas (iliacus is a uninrtieukir muscle that crosses only the hip). Full 
stretch EMa the psoas requires it lateral bend of the torso away from the extended hip, hut this is 
reserved for the nwre robust bach {-see figure 12,4, s-l^ 




Figure 12,3 During stretching at joints other than the back, the spine is spared by maintaining 
ihe upright torso and neulraS spine curve, (a) When stretching the quads, holding a chair for bal- 
ance is a good way to ensure a straight back, (b r c) This person has sufficient hip flexion mobility 
to ensure an upright torso and a neutral spine. Individuals who are unable to maintain this spine 
posture should forgo this exercise until they can achieve the required hip flexion mobility. (d\ Poor 
technique is also shown. 
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Figure 1 2 .4 Given the uni j rl tenia r il focus and ihe mill ha n icula r psoas thai crosses, the h i n an rl cn r ire 
lumbar spine, true psoas stretch requires the torso to be laterally benl away from the extended 
hip; this is an advanced stretch for the more robust backs. 



Flossing the Nerve Roots for Those 
With Accompanying Sciatica 

Before presenting the flossing tech ni que for sciatica, some background is required regarding 
the biomechanics and biochemistry of the spinal cord and nerves* 

Excels! ve tension in the nerve is the cause of jscfetfca. Normally, the cord nerve roots travel 
through the foramcnae of the neural arch of each vertebra, and their sliding excursions are 
substantial wirh spine flexion, hip flexion, and knee extension. Acmrding to Louis, (I*JK1), the 
nerve can travel well over a centimeter (over J/2 in.) during some of these movements, Thus, if 
a. nerve root is impinged and cannot slide, any r>|"i1iew. j postures thai would n urn. i ally pull that 
nerve rool; through the foramen will increase nerve rension. Instead of moving, the nerve is 
stretched. Further, tension on such a nerve can he increased from the cranial end with simul- 
taneous cervical flexion because the entire spinal cord moves sJighdy with cervical flexion and 
thus put In at the nerve roots all along its length. This is the basin fnr rhe mud i lied II-^ mist 1 iosi 
for nerve tension presented in chapter 1 1 . 

Recendy, scientists have suggested that nerves have the ability to create their own pathways 
as long as they can move. They seem to have some chemically based abijiry to dissolve— over 
dme — tissues icnpi nj^Liiu; them. J "he ides of "flossme^ is to pnll the cord and nerves from one 
end on]} - while releasing at the other, and then to switch tfie \m\] and release direction. In this 
way the nerve roots are "flossed" through the lateral foramenae and En fact along their entire 
length. Thus, by working the nerves back and forth in whatever limited range they can manage 
in spite of lETipmgenient, we facilitate the dissolving of the impingement and the gradual release 
of the nerve lo once again move freely (this approach was proposed by Butler* 1 This floss- 
ing action is accomplished with coordinated hip H knee h and cervical motion. 

A note of caution is needed here; While this can be wonderful La helping chronic sciatica 
resolution, it can also cause in acute onset. Be very conservative in [he i i i v^ibg. If die nerve i.s 
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adhered so that it can't slide, die sciatic symptoms ^iJl be exacerbated. However, if the patient reports 
no change or even relief the next Hay, then proceed to increase the flossing. Monitor ill patients and 
remove the procedure from the projxntins of any patients whose symptoms worsen. 



FLOSSING 



The pattern, yaated and with the legs- able to swing freely 
flexes the cervieat spine raj. This creates a pull on the spinal 
cord from [he cranial end and a release from the caudal end, 
This should not produce sciatic symptoms (seethe discussion 
of the modified leg raise test in chapter 11 J. Then, the patient 
extends the cervical spine with simultaneous knee extension 
on the side with sciatica fb}> This pulls the nerve from the 
caudal end with a tctfresponrjing release at the mantel end, 
The cycle is completed as the knee fs flexed with coordinated 
motion of the cervical spine flexing. This causes the nerves to 
floss Jhrough the vertebral tissues, Ef [he patient experience 
niirwsdanc: symptoms vvher*thetervir: E il spins is ll fix Lid or the 
knee is extended, then the patient should reduce the range of 
motion at these joints until no pain is provoked. Some patients 
whi? hcivc-; suffered scLitk a pain lor years report reductions in 
I heir sciatic symptoms within a few days to a couple of weeks; i 
others report increasing symptoms, 

TECHNIQUE TIPS 

* A lip to enhance efficacy is to first adopt a posture that 
rcfieves impingement, For example, the patient with a 
disc bulge who is able to reduce the bulge by adopt! ng 
a prone extension posture {sue It as shown in McKenzfe 
posture tests in chapter T t on pages 193-194) should 
do so for a few minutes prior to flossing. Then adopt 
the posture wilh Ihe longest reflex response discussed 
on pafjes 1 96 and 197. 

* The motion should he slow (with a flex ion -extend on 
cycle lastfng about 5 seconds), but most importantly 
coordinated, to create floss rather than length change 
in ihe neuriil tract. 

* Begi n by perform i ng 1 0 repel i t ions with each leg. Then, 
ff symptoms are not exacerbated., perform several times 

pc-nLv.. DunoC ptTiorni flossir^ wirlm i J hour* ritlcr nsinji Irurri ln:d. 




Identifying Safe and Effective Exercises 

After a brief review of the muscles thai nabitrae the spine, we wilE have a look at exerciser tor 
Graining those musetes. While many muscles have been regarded as primary spine stabilizers, 
confirmation of their rule requires two levels of analysis. The first is engineering — stability 
analysis must be conducted on anatomically robust spine models io document the ability of each 
component to stiffen and stabilize. Seconc^ eiectroinyographir recordings of all muscles (even 
deep muscles requiring intramuscular electrodes) lire necessary tn> confirm the extent to which 
the motor control system involves each muscle to ensure sufficient stability. 

Identifying safe and effective exercises tor low baelc sraliiJizaiiun i> a several -step process: 
incorporating and patterning" the in uscles involved in spine stability-; el i in mating unsafe exercises; 
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and selecting or devising exercises that appropriately challenge the selected muscles ar the dif- 
ferent stage* of rehabilitation and conditioning. 

Incorporating and Patterning the MuscJes 

Our intramuscular and surface eleetn imyograp h y (UMCi) and modeling studies to quantify 
spine stability demonstrated that virtually all torso muscles play a role in sterilization. (Sonic 
data were presented in chapter 5.) While the hack extensors and the abdominal wall alt appear 
to play significant roles, the quae] ratus lumborurn aliio appears to play an important role in 
many tasks. The fibers of quadra tus lumborum cross-link the vertebrae; they have a large lateral 
moment arm via the transverse process attachments; and they traverse between the rib cage And 
iliac crests. In this way, the quadratic buttresses shear instability and appears to be effective in 
all loading modes, by its areb'tecttiral design. Typically, the first mode of lumbar buckling is 
lateral; the quadratic appears to play a significant role in local laieral buttressing, 'Ilie three 
layers of the abdominal wall are also important for stability together with the muscles that attach 
directly to vertebrae — the multiscgniented longissimus and iliocostal is and the uni segmental 
multifidii, ChofewickJ and McGJH also presented an argument rbr the role of the small 

intertransversarii in producing small but critical stabilizing forces. As weli t latissimus dorsi 
plays a major stabilizing role in many lifting tasks (Kavcic et al, 2004). On the other hand, 
psoas activation appears to have little relationship with low back demands; the motor control 
system activates it when hip flexor moment is required (see Amiersson et al.., 1W6> and Juker 
et ah, 1998), limiting its role in stabilizing the spine when hip flexion is not involved. But when 
corresponding hip flexion is demanded, psoas becomes an important spine stabilizer via shear 
stiffness and compression. 

Eliminating Unsafe Exercises 

Ouanfkative da fa have confirmed rhat no single abdominal exercise challenges all of the abdomi- 
nal musculature while sparing the back {Axler and McCiill, IW7). For this reason > more than 
one single exercise is required. Unfortunately, many inappropriate exercises have often been 
prescribed for people with low hack difficulties, including the following; 

■ Sit-i ips (both stra ight leg and hem knee) are eh ara creri /.?.<. I by hi gber psoas at ti va. rion . w i [ I \ 
conseiquentliigh low back compressive loads that exceed the National Institute for Occupational 
Safety and Health (NIOSH) occupational guidelines. 

■ Leg raises cause even higher psoas activation and spine compression (actual values were 
presented in chapter 5). 

• Most traditional extensor exercises are characterised by very high spine loads, which 
resEjIt from externally applied compressive and shear forces {from either free weights or resis- 
tance machines). A commonly prescribed spine extensor muscle challenge involves lying prone 
whUe extending the amis and legs (see figure 12.5). This results in over 6000 N of compres- 
sion ru a hypi'-sv^rondrH spine, r ran stirs Inn J ro tlu fart:^, and criEshe-s rhu: im^rspi nous lip 
ment. Needless to say. this exercise es contraindicatcd for anyone at risk cif low back injury — or 
reinjury! A3 though some may believe that putting the hands on either side of the head rather 
than extending them may make this exercise safe, that is not true. This exercise should be not 
he done in any form. Further, recall that the mechanism for disc herniation is reproduced by 
back machines that take the lumbar spine from Full flexion and through the range of motion 
under ioad from muscle contraction, 

1 u our investigations we made several relevant observations regarding psoas activation during 
abdominal exercises. The chaflenge to the psoas is lowest during cur I -ups, followed by higher 
levels during the horizontal side bridge. Bent-knee sit-ups were characterised by brgcr psoas 
activation than straight-leg sit-ups, and the highest psoas activity was observed during leg raises 
and hand-on -knee flexor isometric exertions. The oftim -recommended * press- heel s* sit-up, 
which has been hypothesized to activate hamstrings and neural ly inhibit psoas, was actually 
confirmed to increase psoas acxivation! (See figure 12.6.) (Original data can be found in Juker 
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Figure 1 2.5 A commonly prescribed spina extensor muscle challenge invorves lying prone white 
extending the arms and legs- This results in over 6000 N of compression Co a hyperextended spine. 
Il is a poorly designed exercise. 




Figure 12.6 Hie press-heels ShEi-lj p was proposed by several clinical groups on tlwjJt'Mcal grounds, to inhibii psrvis by 
activating the hanis? rings. In fact r EMG assessment (Jukerei al. r 1998} proved [his to be mythical! This original pholofrorrtlhe 
intramuscular experiments shows the clinician's hands behind the heels of the subject as the hamstrings are being, activated 
during ihe sil-up. AdivaJing Ehe hamstrings creates a hip extensor moment, and sit-ups tequire hip flexion. During ihss lype 
of sit-up, the psoas is aclivated to even higher levels to overcome [he extensor moment from I he hamstrings and produce a 
net flexor moment, This type of sit-up produced the highest level of pso^s acJivaiion df any style of sil-up we quantified! 



Upper and Lower Rectus Abdominis? 

Myoelectric evidence, normalized and calibrated, suggests that there is no functional distinction between an 
"upper* and 'lower" rectus abdominis in most people; in contrast, the obliques are regionally activated with 
upper and lower nyuromu^cutarajmpciitrrient&iSs well as medial and lateral (.-omponunts. There are, however, 
some highly trained individual who are able to create small differences in activation. Vet these differences 
are only at very low levels of activation and occur during what would be considered nonfunctional tasks, for 
example belly danc ing {Moreside efcat, frt press). 
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ct al M 1998; some clinicians and coaches who i tiicii donntly wish to train psoas will find these 
darn informative.) Once agai^ rhe hori7/mral side hridge appears to hnve merit as if challenges 
rhe lateral obliques and transverse abdominis without hitjh lumbar compressive Ion din &r and 
ensures a high stability index (a loss of contraction of the involved eh unless would cause the 
patient to ftl! out or" the bridffe), 

Selecting Safe and Effective Exercises 

A wi^e choice for stabilization exercises in theeaHy stages of training or rehn ha Li cation, and for 
simple low hack health objectives, would lie the "big three" that we have quantified to sufficiently 
challenge muscle, space the spine of high load, and ensure sufficient stability: 

* CuH-ups for rectus abdominis 

* Several variations of the side bridge for the obliques, transverse abdominis, and quad ra- 
ni^ 

* Leg: and arm extensions leading to progressions of the "bird dog* for the many back 
extensors 

"J Tie variation of each of these exercises must 
be chosen with the patients, or athlete's status 
and goals in mind. 

• Ciff f-iipii training rertux ifhtfamims. 
Calibrated intrainuseular and surface EMG evi- 
Ai'wct- suggests char the various types of curl-nps 
challenge mainly rectus abdominis since psoas and 
ahdoridn.d wall (mTcrnal and external oblique and 
transverse abdominis) activity is relatively low (see 
tables in chapter 5 for relative activation levels in 
a variety of exercise tasks)* Curl-ups performed 
with poor technique, however, can be counter- 
productive,, either failing to activate the rectus 
abdominis sufficiently or oTterstresaifLg the. spine 
(see figure 12,7, Curl-ups with a twisting 
motion are expensive in terms ot" lumbar com- 
pression due to the additional oblique challenge. 
Higher oblique activation with lower spine load is 
accomplished with the side bridge, which is rhere- 
tore pivJcnvd ■ wx- :v,w,mu mH -ups ror muni ml? 
the obliques. This will be presented in the next 
section. ITie highest-level curl-up i.s presented in 
chapter 13. 

■ Side kridgft: training the quadrat to? 
iumtmrtiTiii taTeral ffhfiqtie.u and fj'anxvenit 
t/Mtmrittix. Given the architectural and EMG 
evidence for the quadrants lumbomm, trans- 
verse abdominis, and abdominal obliques as spine stabilizers^ the optimal technique to mavtmize 
activation but minimize the spine load appears to be the side bridge. Abdominal bracing is 
emphasised in .1 1 1 fc inns of iliis cvci'uhc. VlailUainine, llm I iridic k-nvi.nx-s consul -iiuhIl.: ,icli- 
vation while llie brace introduces new combinations of muscle recruitment to ensure stability- 
It is almost impossible for the spine to become unstable while performing a sitfe bridire: with a 
neutral spine. 

■ Km! dogs: i wining the frwk extensors. In our search for method* to activate the exten- 
sors (including loncfissinius, ihoeosialis^ and multifidii) with mini ma I spine loading, v,c have 
found that the single-leg extension bo!d results in tolerable spine loading (<25QO N) for many 
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Figure 12,7 Poor lorm during the curl-up \b to Hex 
the cervical spine, loading the neck and not the rectus, fir .J 
Another common type of poor form is to elevate the head 
and shoulders a large distance off the floor. This patient is 
elevating far too much, which is closer to replica! ing the 
much higher stresses oFtbe sit^up, The intention is to acti- 
vate rectus and not to produce lumbar spine motion. 
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and activates one side of the lumbar extensors to approximately 19% of maximal voluntary 
contraction (MVC). Simultaneous teg extension with contralateral arm niise (the M hird dog M ) 
increases the unilateral extensor muscle challenge (approximately 27% MVC in one eitfe 
of the lumbar extensor and 45% MVC in the other side of the thoracic extensors) bat 
also increases lumbar compression to well over 3000 N (CaNaghan^ Gunning, and JVIcGill, 
This exercise can be enhanced with abdominal bracing and deliberate mental imag- 
ing of activation of each level of the local extensors. Once again, technique Fur challenging 
the extensors should Ik guided by the patient's scams and goals. This is an individual dinfcal 
decision. 



Beginner's Program for Stabilization: A Sample 



Now that you are familiar with some specific recommended low back exercises* how do you put 
these together to create the best possible program for your patient? Assuming that there were 
no particular indicator?! obtained during provocative testing that would contain dica ce beginning 
with a typical progression^ we recommend considering the following sequence: 

1. Begin with fbe flexion-extension cycles, also called the cat/camel motion (see figure 
12*8, ii-I*}, to reduce spine viscosity. Note that the cat/came J is intended as a motion 
escerctscT not a stretch, so the emphasis is on motion rather than "pushing"" at the 
end ranges of flexion and extension. We have found that five or six cycles are often suf- 
ficient to reduce most viscous stresses — addi- 
tional cycles rarely reduce viscous Friction 
further. Those with sciatica may find increased 
symptoms during the flexion phase. Use 
pain Lo LJLude flu' sinEuhk' pa in-free ningc of 
motion, 

2 . Perform slow partial squats in which the pelvis 
is directed downward and posterior along a 
45 - ]inc. The spine ha* no motion (see "Potty 
Squat" page 

3. Sciatic pain sufferers may try the nerve- 
flossing technique following a posture that 
relieves neural tension. 

4. These motions are followed by anterior 
sihdi imiiuil e*e reiser namely appropriate airl- 
ups. 

5. Lateral musculature exercises follow namely, 
the side bridge for quadrants lumbomm and 
the muscles of the abdominal wall for optimal 
stability. 

& The extensor program consists of leg exten- 
sions and the bird dog. 

In generai, we recommend that the isometric hoJds 
pertonned in the curl-ups. bridges* and bird dogs be 
no longer than 7 or 8 seconds,, given recent evidence 
from near infrared spectroscopy indicating rapid loss 
of available oxygen in torso muscles contracting at 
these levels. Short relaxation of the muscle restores 
oxygen (McGEll + Hughson, and Parb h 2000). The 
en dura nee objectives arc achieved by building up 
repetitions of the exertions rather than by increasing 
ihe duration of each hold. 




Figure 12.8 Cat/camel exercise. Note that mis is a 
motion exercise arid no* a slretch; do not push M the 
end range of motion. Viscosity is measurably reduced 
after just a few cycles. 
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Motivated by die evidence for the superiority' of extensor endurance over strength as a bench- 
mark fhrgood hack health, weHficnmenFed normal mriosul i-min ranee rimes fottfie torso flexors 
relative to the exremoni and lateral musculature (sue chapter 1 1}. Use these values tit) identify 
endurance deficits — hoth absolute values and for one muscle group relative tu another — and to 
establish reasonable endurance goals for your patients.. 



relevance^ A Crucial Note to Clinicians 



Insistence on perfect technique will allow the patient to reach much higher l&vels of challenge 
without pain. Do not allow spine deviation such lumber flattening to the fEoor or loss of 
neutral during holding of any stabilizing posture, Consiant postural correction is necessary in 
some patients. Finding the optimal dosage of load h also Critical. Keep correcting to dim mate 
any pain. 



Exercises That May Be Used 

in a Stabilization Program 

The basic "hig three" exercis.es. have been found to be the exercises that are the most effective 
in working with patients with low buck troubles. 



BEGINNER'S THROUGH ADVANCED CURL-UP5 

This series of curl-ups, along with neck strengthening isometric exercises for the neck [as 
necessary), provides a good foundation for a strong rectus abdominis. 

BEGINNER'S CURL UP 

The curl-up technique is critical Bp spare the spi ne. The basic starting posture is supine with the 
hands supporting the lumbar region. Do not flatten the back to the floor, which takes the 
Spine out of elastic equilibrium and raises the stresses rn the passive tissues. While trie posi- 
tion nf elastic equilibrium is desired in the 
lumbar region, the hands can be adjusted 
to minimize pain if needed. One leg is bent 
wilh the knee flexed to W 2 while the [it her 
leg remains relaxed on the floor This adds 
further torque to the pelvis to preveni the 
lumbar spine Frnm flattening to the floor, 
The focus of the rotation is in the thoracic 
spine; many tend to flex the cervical spine, a 
which is poor technique. Rather, picture 
the head and neck as a rigid block on the 
thoracic spine. No cervical motion should 
occur— either chin poking or chin tucking. 
The intention is to activate rectus and the 
obliques and not to produce spi ne motion. 
Individuals who report neck discomfort 
may try the isometric exercises for the 
neck that follow. In addition, particularly ^ 
for patients experiencing neck discomfort 
the tongue should be placed on the roof of the mouth behind the front teeth and pushed 
upward, which helps to promote stabilizing neck muscle patterns. Patients should leave 
the elbows on the floor while elevating the head and shoulder? a short distance off the floor. 
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The rotation is focused in the rnidthoradc region. The head and neck unit rs locked onto the 
rib cage. 

Shown hi rhi- photos are (a) a very mild form of Ihe curl-up is to just take the weigh! off 
the head and shoulders with almost no motion tb) while more challenge is obtained with 
rriising rhti head and shoulder* hut focusing the motion ro tin. 1 rhorocic spine with no cervical 
or lumbar flexion. 

ISOMETRIC EXERCISES FOR THE NECK 

Those who experience neck symptoms vvilh uir \. \ i- may find relief by building the neck with 
isometric exerciser [n a '■ ui ihese exert iso= the head and ne< V unli does -n! move ,:nrl the 
tongue is ptaced on the roof of the mouth behind the front teeth: (&) The hands are placed on 
the forehead, which resists neck flexion efforl; (b) the hand is placed on [he side of the head 
to resist cervical side flexion effort, and then repeated on the other side; (c) the hands are 
placed on the back of the 1 head to resist cervical extension effort, HoEd for several seconds, 
then relax, building up endurance and grooving stabilizing motor patterns by increasing the 
repetitions of the hold-relax cycles. (Believe it or not, some patients try this while chewing 
gum, which makes the grooving of stabilizing pattern* impossible,} 



a 




CURL-UP, INTERMEDIATE 

The intermediate progression of the curl -up is to raise the elbows a couple of centimeters so 
that the arms do not pry the shoulders up, thus shifting more load Jo thv mdus. Do not raise? 
the head and neck any higher than in the beginner's curl-up. 
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CURULJP, ADVANCED 

An advanced curl- up requires prebracing or [he abdominal waif. The resistance is provided 
by the brace, and no additional motion takes place. This tan be facilitated and learned with 
fascial raking by a clinician. Deep breathing is also added to train the diaphragm to Function 
independently of the stabilizing abdominal musculature. The head and neck must move as a 
unit, maintaining thejir rigid -block posit tun on the thoracic; spine. 




Side bridges art- excellent exercises tn challenge rbe iniporrant stabilizers, (si tjuiidotus luni* 
[tonim, [sitiswnius dorsi, and the abtluimniil obliques, while ^purrinji the spine uf hi^h loads. 
White there are several forms thai comprise a logical progression, each form is characterized 
hy 2 neiirral spine with the rib cage locked to the pelvic 

SIDE BRIDGE, REMEDIAL 

Many special patient cases deserve consideration — far example, the chronic patient who is 
quite deconditioned. These patients are sometimes unable to perform the side bridge even from 
line knees. Start these people with a side bridge while standing against a wall.. Instruct mem to 
move $muu(hly from the beginning position (a J through the intermediate position (b) to the 
final position fa, in one flowing motion. The patient shouEd pivot over the toes, as if perform- 
ing a fEuid dance move. Cueing from the clinician may include feedback from the heel's of l he 
hand on the pelvis and [he fingertips on the rig cage to eliminate lumbar motion, 

Once patients graduate to the floor, they can spare the spine by beginning (d) with the knees 
and hips quite flexed and moving into 1 he si de-bridge posture with an accordion-like unfolding 
of the legs (or a hip hinge squat}, all the time fej keeping a braced neutral spine. Never allow 
tfee p.iiiejit to 0 slump into a deviated posture 

Another type of patient is the football player whose shoulders are so painful he cannot toler- 
ate the shoulder load (some elderly women also fall into this patient groups These patients can 
perform a modified side bridge by lying on the floor and attempting to raise tfS !egs laterally 
fgf> h) or simpfy attempting to take the weight off the legs. 

Another option for patients with shoulders that cannot tolerate load is to stand on a 45° 
bench with the feet anchored frj, which spares the shoulders. 

Using other devices, the torso can be either elevaied from the pad if/j k) or bridged wtih 
the shoulder ffjr. 
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SIDE BRIDGE, BEGINNER'S THROUGH ADVANCED 

Once your client is comfortable performing the final remedial side bridge, the client may mow 
on to the beginner's through advanced side- bridge progression., 

BEGINNER'S SIDE BRIDGE 

Beginners bridge from the knees. In the beginning 
position, the exerciser is on the side, supported by the 
elbow find hip r The knees are lient Placing the 
free hand (the hand and fingers are spread and cap 
over the deltoid) on the opposite shoulder and pu fling 
down robustly on it will help stabilize the shoulder. 
The torso is straightened until the body is supported 
on the elbow and the knee, with some mput from the 
lower leg. The beginner's side bridge can be slightly 
advanced by placing the free arm afong the side of the 
torso — effectively placing more load on the bridge. 

INTERMEDIATE SIDE BRIDGE 

The beginning position iar the i ntermecfciu* side Ivridge 
is like that for the beginner, except that the legs are 
straight. The torso is straightened until the body is 
supported on the elbow and feet (see photo). When 
supported in this way, the lumbar compression is a 
modest 25GO N., but thequadratus closest to the floor 
appears to active up to 50% of MVC (this is a pre- 
ferred exercise for the obliques since they experience 
similar levels of activation). 

INTERMEDIATE VARIATION ON SIDE BRIDGE 

Pfacing the upper leg and foot in front of the lower leg and foot will enabfe longitudinal "rolling" 
of the torso to challenge both anterior fa) and posterior (b) i>orNons of the abdominal wall. 






ADVANCED SIDE BRIDGE 

Advanced technique to enhance the motor challenge of the side bridge is to transfer from one 
elbow to the other while abdominally bracing (a-c) rather than repeatedly hiking the hips off 
the floor into the bridge position, Ensure that the rib cage is braced to the pelvis and that this 
rigidity is maintained through <he full roll from one side to the other fa, bj.The clinician may 
cue the patient by placing the heel of the hand on the iliac crest with the ffngers touching the 
rib cage, This effort to ensure that the pelvis doe* not lead the rib cage during rolling makes 
the exercise more chal lenging, and safer for the spine. Poor form is shown in c, Still higher 
levels of activation would be reached with the feet on a labile surface (Vera-Carcia r Grenier, 
and McCeIIt 2W01 This is technique reserved for the athletic back, 
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Clinicians shmiM remember to emphasi'/e abdominal bracing and n neutral spine throughout 
all versions of this final of the "liig three" exercises, namely the bird dot?. Poor fimn includes. 
M hip hiking 9 or any other configii ration that causes deviation (twist, flexion, or lateral bending) 
10 the spine (see figure 1 2.9, ^4). 




Figure 12.9 Common mislakes made in the bird dog are (a) "hiking the hip, which (wists rhe spine, jnd t'hs not achiev- 
ing a neutral spine — a flexed posture is shown here. 
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REMEDIAL THROUGH ADVANCED BIRD DOC 

Recall [hat the basic bird dog trains the extensor musdes, even though the abdominals are 
consciously activated to control and maintain the neutral spine posture. As always, progres- 
sion based on each p^tifnr's- unique needs and responses to exercise, dung with insistence on 
correct form, is i ndispensable to ensuring that the patient experiences strength and endurance 
gams without injury. 

REMEDIAL BIRD DOC 

The starting position is on (he hands and knees with the hands under the shoulders and the 
knees directly under the hips f£L For the patient with a very deconditioned back this exercise 
involves simply lifting a hand or knee about an inch off rhe floor lb). After l he patient is able 
(b raise a hand or knee without pain, it is appropriate to progress to raising the opposite hand 
and knee simultaneously. 




BEGINNER'S BIRD DOG 

The progression continues With raising one leg or one arm at a time, 




INTERMEDIATE BIRD DOG 

The intermediate bird dog is achfeved when the patient is able to raise the opposite arm and 
leg simultaneously. Raising either the arm or the )eg past horizontal should he avoided. The 
objective is to be able to hold the limbs, parallel to the floor for about 6 to a seconds. Good 
form includes a neutral spine with no spine molion and abdominal bracing. 
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ADVANCED BIRD DOG 

To deveEop the moior control challenge furl her, the patient should no! rest by placing [he hand 
and knee to the floor after each holding repetition. Rather, after extending the norma E bird dog 
positing fa}, the patient should "sweep'" the flcx>r with the hand rsmf knee so that no weight is 
home by either. The patient is shown beginning the sweep (b) t at the innermost point of the 
sweep (dh and coming back out oi the sweep (d). The patient then extends the active limbs 
back out into the bird dog position (e). This technique also a! Sows muscles to reoxygennte 
with each "sweep" cycle (McGifl, Hughson, and Parks, 2000). Finally the raised hand and 
arm shoutd be stiffened with coconrractfon including the shoulder. With focus on the upper 
b<n;k r these muscles (tho#cic [ongissimus € tnd Hicw o^talfs) are facPlitated 6a a higher level or 
contract on. 
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CHAPTER 1 3 

Advanced Exercises 



The beginner's program described in chapter \2 should be sufficient for daily spine health, 
Several situations^ howler, may call for further training; 

■ Certain occupational tasks with specific demands that require: unique, preparation and 
mining 

• Some arfiktic endeavors thai demand higher challenges of low back training (although 
this, is achieved with much higher risk qf tissue t lam age from overload) 

• Some patients who, us they progress with the isometric stabilization exercises described 
in L-hapter 12, want m mniirmf inertjasirijj |lv <ha llt-n^j 

This chapter will introduce some example* of how to increase low back challenges safely, 
how to address specific worker and athletic concerns, regarding advanced training, and some 
ideas about the next steps to be taken in the study of low hack rehabilitation and training But 
advanced training is a complex topic that cannot be adequately addressed in a single chapter. 
For the interested reader f have written Ukmurt* B.<*ck Fittest and Pcrfhrm&ii& (2006}+ a detailed 
book on advanced exercise for the hack. 

The previous chapter covered exercises that accomplish the goals of the First three stages of 
progressing exercise. This chapter introduces a few notions about stages 4 and 5. Recall; 

>• ,lgt ! : ( inwn l- i?ic -lie hi p;sU:;i nv n:cHi- | uHU' his, . i i ., I n mvr 5 ! r, ..' 

- Identify perturbed patterns and develop appropriate corrective esercsse. 

- Address hasic movement patterns through to complex -activity- specific 
patterns, 

- Address basic balance challenges through to complex and specific balancer 
environ men ts. 

• Stage 2: Build whole-body and point stability (locus on spine stability here), 

- By i Id sta hi! it y wh i le spari ng the join ts, 

- KnsLire sufficient stahility commensurate to the demands of the task, 

- Transfer the patterns into application during daily activities, 

■ Stage J: Increase endurance. 

- Address basic endurance training to ensure the capacity needed tor 
stabilisation. 

- Address activity-speeific endurance (duration, intensity).. 

- Build the base for eventual performance training {only in those with this goal). 
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■ Stage 4; Buil rt strengTh, 

- Sparc the joints while masinii^iti^ neuromuscular compartment challenge. 

- Progress to skill movements, 

• Stage 5 : Develop speed, power, agility. 

- Develop ultimate performance with the fciuiidaiii.su Said in stages I through 4. 

- Fcku.s on optimizing elastic energy storage and recovery. 

- Employ the techniques of supcrstiffness. 



Safely Inc reasing Challenges 



To optimize patient safety, the clinician must be aware of issues associated with training on labile 
surfaces and with machines, and how to progress the *big three* exercises described in chapter 
12 (curi-iip^ si tie bridges, smd legend arm extensions) to their highest level. Some guidance is. 
provided here. 



Labile Surfaces 

and Resistance Training Machines 

Not all clinicians are aware of the factors they should take into account 
when deciding whether to prescribe exercise using labile surfaces or 
machines. Hoi Sowing are guideiines about both of these issues, 

* Training with hibik surfaces. C 'h\* I h: \ i ties toil ie spi i le d uri ng daily 
activity include maintaining stability during static, steady-state postures; 
unexpected loading events; and planned dynamic or ballistic movement. 
This has motivated some clinicians to r-ttontmend exercising on labile 
surfaces such as gym balls. Certainty, these labile surfaces challenge the 
motor system to meet the dynamic tasks of daily living or specific athletic 
activities and can be very helpful for advanced training But might this 
type of training be of concern for some patients? Our recent quantifica- 
tion of elevated spine loads and muscle coaetivation when performing 
a curl -up on labile surfaces (Vera-Garcia f Grcnier, and AIcChII, 2000) 
suggests that the rehabiH cation program should begin on stable surfaces. In 
this case, we assessed the simple air! -up fiir the effect of a labile surfiiqe on 
muscle activation patterns (sec figure I i . ]>a-rf}. Simply moving from a stable 
surface to a labile surface caused much more cocontraction, which in many 
cases virtually doubled the spine load (see figure M.2). The practice of 
placing patients on labile surfaces early in the rehabilitative program can 
delay improvement by causing exacerbating spine loads. We therefore 
suggest beginning exercises on a stable surface and establishing a positive 
slope to improvement. Introduce labile surfaces judiciously only once the 
patient has achieved *pine stability and sufficiently restored load-bearing 
capacity, anil can tolerate additional compression. This same principle 
can be extended to sitting. Sitting on a gym liaJl greatly elevates spine 
load through increased uuisclecoactii iitirsih |-"r > r ?h is irason T non patients 
should avoid prolonged sitting on gym halls, and patients should use ehem 
only once they have achieved spine stability and increased load-bearing 
capacity. There is a time and a place fur labile surfaces, 

■ Training irsth mat-bines ainl M/ifipjuetit* Generally; the goal of 
estabhshi njt stabil i z.i ng motor patterns requires the individual to support 
body weight and coordinate die stabilisation of ail joints involved in the 
task, fn other words it Is a whole -body* even whole-person > endeavor. 
Many training machines, on the other hand, are made to isolate a specific 




Figure 13.1 Thqi sim \>k\ curl -u p 
was assessed for the eftec! of a 
labile surface on muscle activa- 
tion pan ems. The percem of 
maximal vol unlaw contraclion 
(% MVQ m the rectus abdominis 
ann 1 tfxl.r:rrwil -and inl^rnal obEiques 
caused by simply moving from (a I 
a stable surface to (b-d) varying 
types of labile surfaces is shown 
in figure 13.2. 
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joint Since neither workers nor athletes perform their tasks in 
[his arrifidaNy stabilized nmnner, these types of motor patterns 
may not he transferable and, worse t may cause inappropriate 
grooving ofniotor and motion patterns, The only time nuchmes 
that isolate joints am I>e helped is when an injury to a specific 
body part requires its protection during rehabilitative training. 
Some incorrectly believe tliat isolating •a joinr somehow reduces 
the loading and thus reduces the risk. Consider, for example, 
the typical extensor benches- or Roman chair, which generally 
impose twice the muscle loading than results From performing 
the bird dog since both right and left sides of the lumbar and 
the thoracic extensors are activated (see figure li.i ), Patients 
who must use machines should consider certain back-sparing 
techniques. Tlie leg press rack, for example, sometimes causes 
the pelvis to rotate away from the back rest when the weight is 
lowered. The resultant lumbar flexion produces herniating con- 
ditions for [he disc! If patients must use this exercise, we suggest 
they use just one leg at a time to ensure thai the pelvis, remains in 
contact with the hack pad and that they preserve a neutral spine 
(see figure 13.4), Having stated this, however, we would never 
attempt to groove these motor patterns in any of our programs; 
they are nonfunctional except for leir-pushing a weight up a 
r 1 1 

For the purposes of this discussion, cables to weight stacks are 
not considered machines since they do not isolate joint motion 
a ltd add resistance to whole- body motion patterns. One exercise 
that enhances the ability to stabilize the spine is the cable pull- 
down. This exercise, when the handlebar is brought down to 
the chest (nuhcr thins ihc IwL which is traditional technique), 
challenges the UtissiiHija dor si and other stabilisers (see CtfWr 
PitH-DwtMis far Lunilwr Stabilization^ page 23H ). As we will see 
in a subsequent section, these type s of exercises form a part of a 
performance-biased program. 
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{Postures shown in figure 1 3.1) 



□ Rectus abdominis 
■ External oblique 

□ Internal oblique 



Figu re 1 3.2 The % MVC caused liy each 
of che postures shown in figure 13.1. A 
curhup wttb the body over a ball and she 
leei on the floor (figure U.lcj virtually 
doubles tlie ahdominai muscle activation 
seen in a curl -up on a stable su rface 1%ure 
111a} and, correspondingly, the spine 
load. Note thai the % MVC required of 
the three muscles sludfed is also much 
higher in curl-up* with the body over 
a hall and ihe feet on a bench figure 
1 15_ 1 b> and with the body on a wobble 
hoard (figure l3.1dj rather than on a 
stable surface. Clearly, a gym ball can 
he wonderful for advanced training bul 
K i oni!,iir-.y. : jk-d loi it.v v | ■ . 1 1 i i -i 1 1 . 





F i gure 1 3.3 The typica I hack exten sot devices will i mpose 
generally twice the muscle loading of the bird dog since 
both right and lefl sides of the lumbar and the thoracic exten- 
sors are activated. These may be necessary for some types 
of performance training, but they are ill-advised for most 
patients because of the spine compression and motion. 



Figure 1 3 ,4 For back pat ients Who have compromised hip 
flexion, lowering the weight sometimes causes the pelvis 
to rotate away from the back rest. This also can occur if 
the weight is lowered too far. This creates a nonfunctional 
motor pattern. Further, this produces herniating conditions 
for the disc! One legged -standing squats are far superior 
in every measurable as|5ecl? 
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Safely Progressing Back Exercises 

The curl-lips^ side bridge am] bird dogs pictured in chapter 12 can be made more challenging 
mid rut s-till incorporate the safety features noted* After expSiiinin^ the^e advanced forms of the 
big three exercises, I will present an additional advanced back exerd se. 



ADVANCED BACK EXERCISES 



Once the patient has mastered the advanced curl-up, *'\dv bridge, and bird clr^ described in 
chapter 12, instruction to try the following may be appropriate: 

CURL-UP, HIGHEST LEVEL 

1. Brace the abdomen (if necessary, review [he instructions 
on page 176), 

2. Cud up agamst the brace, but do not curl up any higher 
than in other forms of the exerdse. 

3. Periorm deep breathing while fn the ""up" curl- op position 
and while maintaining bracing. Remain in the up position 
long enough to take a few deep breaths. This Jevel of curl- 
up will he challenging for the toughest NFL If nefoacker" 

4. The abdominal wall is cued for bracing and stiffening (af. 
Piyometrics may then be added in the ""dCEid bug" position 
th} with short-range bui rapid hip .tiul shouklor fluxion. 
Ensure that all motion occurs in the hip and shoulder joints, 
not in the braced spine fc). 

SIDE BRIDGE, HIGHEST LEVEL, 
AND OVERHEAD CABLE PULLS 

The side bridge can be more challenging by incorporating the roll 
described in chapter 12 (page 226), together wilh dynamically 
contracting and relaxing the abdominal wall while 
sustaining position. 

The patient or athlete can then begin abdomi- 
nal work in a standing posture, A family of exer- 
cises that very cleverly trains the entire anterior 
chain comprises the overhead cable pulls. \ \vw 
the motion is focused about the hips r as there is 
no spi ne motion (sfee photos). 

Overhead cable pulls are considered athletic 
progressions fur abdominal exercise However r 
they arts mon? llwm simply .lijilorn n.^l vxun isu> 
as they enhance stiffness, strength, and control of 
the entire anterior chain, Note that all motion Es 
about the hips (b), 

BIRD DOG, HIGHEST LEVEL 

The bird dog is more demanding when the patient consciously stretches ihe hand out forward 
and the fool out behind — all the while ensuring that spine motion (particularly bending) does 
not take place, if performance objectives are desirable and if the patient has no exacerbation of 
symptoms, small wrist and ,mkle weights may he allowed. Plyometrics are added as the hand 
and foot ""draw" opposing squares. These plyometrics begin in the starting position faJ, then 
include moving the hand and the foot down away from the body (b) f and then moving the 
h,ind and foot downward (c.K Just as the hand and foot are brought toward (he body midline 
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($1 the torso isconscioiisly braced, and a fellfSBc short -range extensor contrai M on occurs at 
the shoulder arid hip fei. Once again no motion must occur in the spine, 

EDUCATING ALL BACK EXTENSOR MUSCLE MOTOR UNITS 

When searching for ways to obtain max f mum myoe lectric activity From the bitrk extensor 
muscles we discovered that isofnetrfc hack extensor exercises do not recruit the full pool of 
motor units. Many more motor units fine with some extensor motion, Asa resull of this disco\ i, ery r 
this hack extensor exercise, which but Ids strength and endurance and hetps fu hypertrophy the 
muscles, was developed. It is used by some of the strongest athletes i n the world to ''educate" 
the motor units in r he back musculature to fully recruft and fire. 

While the athlete is lying pror>e on a bench with the torso supported on a movable stiff 
pad, place weight in one hand. The edge of the pad is plated under the mid rib cage, The 
canli levered portion of the spine is slightly flexed and (hen exsenrJed, combined with some 
Slight twist back to neutral fa k The object is nor to actually twist but to locus activation on one 
side of the extensors — ID use mental imagery (chapter 1 0) to assist in activating the maximum 
number of available motor units. The spine never extends past neutral. After a set, place the 
weight in the athlete's other hand and have the athlete repeat the exercise. Then move the 
pad downward (perhaps about the tevel of the navel} so that a greater portion of the torso is 
cam N evened (h). Have the athlete repeat the sets. Move the pad farther down the athlete's 
body (perhaps to about the pelvis?, leaving mo re of the torso canti fevered, and have the athlete 
repeat the entire process (<}. The sharp edge of the pad is better for imaging the edge and 
focusing on the corresponding specific section of muscle. 
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SQUAT WITH OVERHEAD RESISTANCE 

Moving lo a standing posture the progression continues with a 
wonderful exercise thiT[ challenges Ihe bjrjk and hip extensor 
mechanism. The squat with overhead, self-generated hand resis- 
tance grooves a squat pattern, with very robust recruitment of 
back and shoulder muscutature tor stability and stiffness. 

The squat with overhead resistance requires one hand to 
push into the other causing contraction throughout the entire 
upper back, shoulders, and chest faj* The squat utilizes the hip 
hinge with the hips tracking along a 45 G path (no spine motion) 
(bh A one- 1 egged "good morning" version of this exercise can be 
included for thaw interested in more hamstring challenge. The 
hand* alternate between the right in imnt and the left in front. 




BACK EXTENSOR EXERCISE WITH A GYM BALL OR TABLE 

Another variation ai the exercise lor educating all back extensor muscle motor units is to 
perform the extension motion over a gym ball where the reet are secured fa; and the ball is 
moved progressively toward the pelvis with each set {bh But once again, note that a sharper 
edge is better than the bail for training motor units. For this reason, a table may he considered 
where the torso is progressively moved farther over the edge with each repetition fc, d). 




Another variation of the back extensor exercise- with a gym ball requires the hands En be 
secured (#} and the legs to he canti levered behind (b) in the "reverse extension 1 * (Figure I3;5) 
This is an ill --advised exercise for many people in. chat posterior shear forces are developed in 
the disc and intcrspinous ligament. While some grijat athletes train with this exercise -and have 
success, many will ijodup hack troubles because of it, 




Figure 13.5 Reverse hip extensions cause shear and pain in many people 
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Occupational and Athletic Work Hardening 

Certain workers and athletes encounter demands that require tr.iiriisig that we would never 
recommend to patients unless absolutely necessary. Anyone considering going beyond the 
exercises described previously should be fully a ware of the increased risks of l>ack injury r that 
these exercises will pose. These exercises aimed at workers or [jccu potion al athletes should lie 
restricted to diat group because they present a level of risk that is unacceptable for any but those 
who are willing to assume it for r.he sake of athletic or work performance. 

Once again, choosing the appropriate challenge involves a blend of clinical art and science. 
Too little load will not produce the training adaptation and too much will break tissue down. 
Listen to the hody, and give adequate 1 rest- 

Low Back Exercises for High- Performance Workers 
or Athletes 

In. general we stage training of high-performance workers and athletes with die same steps used 
in our rehabiliration approach, except that two more steps are added. We hegin in stage I by 
identifying the essential motions and grooving appropriate motion and motor patterns. Static 
2 is directed toward ensuring joint and whole-body stabilizing patterns. Stage 3 is. to develop 
muscle endurance around these patterns. Stage 4 is directed to enhancing strengrh P And* finally, 
stage 5 is to establish power, Unfortunately, too many exceptional athletes are Drained, or given a 
rehabilitation program based on strength and power, without an adequate foundation of stabiliz- 
ing morion and motor pax terns, They end up with back problems and are referred to us. 

Ln this section we will briefly consider exercises that may be helpful to either workers with 
demanding jobs or athletes. The tequiR j jneutsof the activities are not excessive for those who 
have adequately prepared by mastering all of the eserdses previously discussed in the test Spe- 
cifically, these individuals should have mastered spine position awareness and he able to produce 
low back stabilizing patterns but may need more work to successfully move through the ranges 
of motion specific to their task, In addition, they may need more strength and endurance, 

Qualifying the Worker or Athiete 

The clinical decisions involved in staging a worker or athlete through the progression of chal- 
lenge, is an art that can be assisted with scientific data. Those who are looking fr>r a set recipe, 
however, will fail at creating a successful program for an individual. Generally we blend the 
worked r>r athkle^ curiam iM-rusc iiuu^ and hi sum r sT i mj tn> w'wh tun-nun kiHiwlcd;j^ of 
spine tissue loads that result from various activities and our knowledge of injury mechanisms to 
qualify an individual for a specific exercise progression. We then put our educated guess to the 
test and monitor patient progress to ensure the maintenance of a positive slope of improvement 
in symptoms and function. 

Lumbar Stability With Elevated Simultaneous Physiological Work Rates 

While some individuals can maintain spine stability over all sorts or" activities, including those 
that require the stabilizing musculature to assist with physiological challenges such as elevated 
breathing, others cannot (MeC-jill, Sharmtt, and Scguin, 1995). We have noted a compromise 
in The ability to stabilize more often postinjury (McGill et al. a 2003), although we have also 
detected that compromise in ^virgin backs." Interestingly, tall athletes tern] to be poorer in their 
ability to cocontntct Llie abdominal muscles to ensure sufficient stability during high work rates 
and highly challenged breathing than their shorter counterpam. Hi is perception appears to 
he supported by the most recent evidence showing th a e t idler workers have a greater likelihood 
of having perturbed motor patterns while breathing heavily and holding spine loads (McGill 
etaL20D3}, 

Consider the warehouse worker, firefighter, or football player who must work at a high physi^ 
ological rate that results in deep and elevated lung ■ventilation. The inability to maintain constant 
cocon traction in the abdominal wall (i.e., the muscles tend to relax, during deep inhalation) is an 
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indicator of eonipronii&cd spine stability, particularly when heavy external loads that demand 
3 stable spine are required- These individuals must itevdop srahilizmij, lTKmjr u j rais ihar v, ill 
transfer to all activities. Farther down on this page yon will fine! an exercise we have devised to 
(rain these people in itvaintdiniiig abdoniina! bracing v, hi k breathing heavily. 

Torsional Capability 

Some activities, that athleres or workers must perform require twisting and the creation of 
substantial torsional moments. The difference between the mechanics involved in twistmp and 
the generation of torsional moments was discussed in chapter 5, The question is f "Ho'vv can we 
maximize .stability and minimize the risk reinjury during Training for trunk torsion?" Because^ 
as previously noted, generating torque about the twist axis imposes approximately four times 
the compression on the spine as an equal torque about the flexion-extension axis, it is unwise to 
train ft>r torsion generarion until che back i* quite healthy. 

SPINE STABILITY EXERCISES FOR WORKERS AND ATHLETES 

Although these exercises have been designed to minimize injury risk, you must be careful [o 
presc ribe them only to those who can already safety perform the advanced levels of the "big 
three" exercises presented in chapter 12. 

ESTABLISHING SPINE STABILITY WHEN BREATHING IS ELEVATED 

Some athletes and workers only risk spine stability when they are breathing heavily. To train 
simultaneous patterns to ensure stability during breathing heavily, we have developed the 
following approach. 

1 ; Ride an exercise bike at an intensity to elevate ventilation, 

2, Then immediately dismount and adopt the side-bridge posture on the floor. 

In [It is position the stabi Sizing musculature must remain isometrically contracted; other wise-, 
the bridge posture is lost. Heavy ventilation fsalso required, however, acting to groove the 
motor patterns that coordinate diaphragm! contraction and other thoracic muscles involved in 
efficient lung fy notion. The curkip and bind dog postures are also used after vigorous stationary 
biking to groove stable patterning in all of the supporting muscles. En this way we establish 
spine stabilization patterns in workers and athletes alike. 

TRAINING FOR TORSIONAL CAPACITY 

The technique we have found for producing low spine loads while challenging the torsional 
moment generators is io raise a handheld weight while supporting the upper body with the other 
arm and abdominally bracing (see a and 6) to resist the torsional torque with an ssornetricaily 
contracted and neutral spine. Dynamic challenged twis(ir>g is reserved for the most robust of 
athletes. We would never . . 



recommend training on 
the torsional machines 
(such as (hose where (he 
athlete is seated wfrh the 
fjdvi-s l >E'lK. j d down and the" 3 
upper body twists against 
resistancei unless spec i He- 
ath let i e perfcymantes were 
the training objective, and 
then the individual must 
Ix: made aw fire of the 
elevated risk of pursuing 
this approach. 
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Some very useful and transferable motion patterns are produced with the various cable 
exercises (e$fr high pulls, low pulls. ar>d "chopping* exercfees); which paodtice high torsional chal- 
lenges. Because of the lumbar compressive loads associated with these torsional torque challenges, 
we suggest discipline in bracing the torso in a neutral postum It would also be wise to consider The 
transmissible vector (th<, fc perpendicular distance l^rwwn the- aiblt 1 force and the lumbar spint 1 ) 
when; choosing rhe technique to control the torsional torque and resultant spine load. Da to on 
spine loads during a variety of cable exercises are contained in McCill (2006), 

SPECIAL SUGGESTION FOR THOSE WHOSE BACK IS WORSE 
WITH SITTING AND THEN HAVE TROUBLE STANDING 

To combat the cumulative stresses of sitting, we often recommend walking with a backpack 
with Ehc load placed low in the: pack,. 

1 . Putting on a backpack weighing about 5 to 10 kft (11 -22 lb) 

2, Then going for a walk over rough ground for an hour or (wo 

Amazingly (to sorneK many patients report that this worte wonders, The typical forward 
flexed antalgic poslure requires the back extensors to be active (which imposes a substantial 
load penalty on a flexed spinel. The backpack acts as a counterweight to extend the spine 
jnd luring the torso upright. The l>ack extensors are no longer needed to contract effectively 
removing their contribution to spine load. Wearing the backpack reduced spine loading? 

CABLE PULL-DOWNS FOR LUMBAR STABILIZATION 

Lalissimus dor si is an essential muscle for spine stability, and for 
enhancing elastic performance. The squat with the overhead hand 
push (page 235} is an excellent approach for starting the standing 
posture integration of this muscle. This is enhanced with cable 
pull-downs (see photos). 

Two variations fa, h) of the cable pull -down c-xmrsi- should be 
performed with the handlebar lowered to the chesi rather lhan to 
the back. This enhances the role of several spine extensors and m 
particular the Jati&simus dorsi fur lumbar stabilization, 





Low Back Exercises Only for Athletes 

Specific athletic objectives require specs fie training techniques. As noted earlier, however, too 
many patients make the mistake of looking to athletes for training exercises under the misconcep- 
tion thai the saone approach will help their own hacks. This critically important notion must be 
emphasized again; Athletic exercises arc not for enhancing back health in patients. In addition, 
too many athletes use bodybuilding principles for building- mass. These must not be emulated 
by patienrs. The following e^erci-se examples are reserved for athletes only. 

Training'Spvcific Athletic Maneuvers 

't he \ \vuy.\^ l run Is tnasional iriLidimeS nf resisted t wising intuicin^ .ne reserved I'm dune who 
want to excel at very special tasks such as Olympic discus throwing, (I must add that some track 
athletes with whom I have been associated clinically do not perform these exercises because dvey 
exacerbate their back symptoms,) Otherwise, the torsional momcm capabilities are develo[>ed 
with the spine in a neutral position, with a rylly braced torso inuscutarure* hut with a torsional 
moment challenge. The neutral position is the most robust posture to withstand the elevated 
spine loads; it is also the spine posture that is transferable toother activities that require torsional 
moments with the least risk of spine damage. 

Sprinting an d cither power running events such as those performed hy football players should 
he addressed here, lop-end speed For most sprinters is usually limited by the recovery of the le^ 
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in flexion (hip flerion), not a lack of hip extension power. Thus* many train the psoas according 
to the power philosophy— and end up with a bad hack. It is critical for these athleres ro main- 
tain spine stability and he conscious (if the braced and neutral spine during rigonms hip fl uxor 
training required for sprinting events. 

All sorts of exercises and special equipment have be&n developed for performance training, But 
very few performance approaches hare been documented with substantia] scientific foundation 
to npp discussion in a book such as this. However, one exception is the book Huptrtmimn^ 
by Or, Mel Siff, where an impressive number of studies have been synthesized and reviewed, 
For exam pie h Dr. Siff makes a ease for avoiding the development ot motions rhat are guided 
predominantly by machines, and instead advocates cables and free weights, as well as unloaded 
speed training, with data-hiv-d argument, Kurt her, substantiated principles of Junctional 
anatomy physiology, biomechanics, and motor aspects such as facilitation are used to justify the 
approaches documented in SzlptTirdiriing to enhance strength , power speed, and muscle endur- 
ance. These performance objectives cannot exist without the foundation of stability, mobility, 
and the additional principles I have documented in this book. While there is no question that 
these principles a ltd extrude* are excellent for performance, there is a high resultant spine load. 
Some hacks simply will not tolerate some of these higher-demand exercises — but not everyone 
can tolerate the rigors of training to he a champion regardless of the soundness of the scientific 
technique. The exercise variations arc enttless and are outside of the scope of this hook. 

Finally, with respect to designing workouts, the h 1>ig three" can be performed at the begin- 
ning of rhe workout to help groove and estahiish the stable motor patterns for the refit of the 
training session. Some trainers also like to finish the session with these exercises if they desire 
to talie the exertions to fatigue. 

Training to Squat and Power Qean 

Squats and power deans are good exercises for developing power for athletic performance, but 
Si:hv limitations. Many top athletes arc referred to us who have enormous sagittal plane strength, 
yet show great weakness in nonsagitta! strength. They have overemphasized the "Olympic lifts" 
For power without training power for lateral morion, turns, and so on. Furthermore, these, lifts 
are creating a lot of damaged backs, Mimy younger athletes do not have the hip structure to 
begin the p nil with the necessary- hip flexion required to have a neutral spine at the beginning 
of the pull. Serious squat training for us always includes one-legged squats, the bowler's squat, 
stiff-legged sled drags, and hip airplanes, together with many more. This is a very involved 
topic, and the interested reader is directed to the detail provided in my IJhmhJte l&ii'k Fitnw 
Ottd Pajvrrtfdtia 1 (2006 J. 

The instructions from our perspective are very simple: If a perfect starting position cannot be 
obtained h then other means are needed- Atany great athletes cannot do these lifts. Never sacrifice 
form for lifting more weight. Year after year I give this advice to young athletes, and year after 
year a substantial proportion will ruin their backs by not heeding this simple guideline, As the 
old saying goes* ' L Lrs amazing how much your parents learned as you grew older," 

Very few people in North America can perform squats and power cleans well and with a low 
risk of injury. The Eastern Europeans are technical masters, and the technique is well covered 
in my high-performance hook (AlcGill, 2()0rt). Lt is interesting to see the emphasis placed on 
grooving the correct motion and motor patterns long I Hi fore substantial weight is attempted. 
Young Eastern European a deletes spend years developing the form by lifting broomsticks. Only 
when the form is perfect is strength increased and weight added to the bar. Generally, preserving 
the neutral lumbar spine will solve many oi the safety issues, hut this depends on the ability to 
take the shoulders and hips to extremes in the range of motion. 

Some have found chat placing the weight baron blocks to raise the starting height improves 
rhe utility of this exercise for athletes other than com peri live weight! iftei-s. This way a lifter can 
accomplish a fast lift without the larger back loads associated with the initial crouched posture 
needed to pull from the floor. In this power exercise speed is imporrant; participants are advised 
tn fi ixain slow to be slow, train fast to be fast." For those interested in these exercises, the actual 
weight kinematics for the fulE power clean and the coordination of the SeginusclesT torso muscles, 
and those involved in the shorter pull can be found elsewhere. 
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POWER FOR ATHLETES WHO ARE NOT WEIGHTLIFTERS 

Power athletes who are not weigfotfifters are given power exerciser wfth fihfngs like medicine 
balls '{art}., cables, and even floor calisthenics using only body weight. We use the concept 
of labile loads substantially as wdl. Here rhe load is made labile via the plaxEmerrt ot elastic 
Ivmds l h.tl L'irhcr may Iw anchored to the floor or have dumbbells swingmg from rtiem\ This 
promotes skill to control rbe bar, steer the force through the linkage, and correct movement 
errors, ultimately leading to enhanced performance (McGill, 2006), A "Steering-" of strength 
exercise Ij shown wfth [he kettletofdl cleaii where a mistake causes the bell to slip and rotate 
around in the hand fd t e, ft 




a b c 




d e f 



Performance exercise is so much more ih&n lifting weights. In many cjscs the way die training 
program are organized causes detrim^lts to performance., far example, one hfcgh-pertrbrmance 
athlete came ior a consult wondering why, after training the s^uat with a liar on his haek> he 
was able to squat more load but his vertical jump — which had been his original objective for 
training— had decreased. I had to &how him that he had trained himself to he slow! Clearly his 
objectives were not marched to the training approach. 

If tilt objective is speed, do not endurance train or train slowly* Speed comes from cyclic 
ballistic contraction and relaxation. Thus many athletes need to Era in speed of relaxation more 
than spued of contraction. Performance enhancements come from a refinement of the balance 
of qualities. A strong individual who lacks balance and falls over when performing- a * Mie-k L ^gcd 
squat may he fine in a weight room hul ;i disaster on the football field. Strength, speed, and power 
all demand the foundation of appropriate motion and motor patterns* balance^ and regional 
rattgg of motion within the l&ree-diincjisiona] context of athletic iimtion. Training to achieve 
optimal performance is the topic of my book Uithuatt Back Fitntssand Pvrjhrmam^ which forms 
a companion text to this one for the real expert. 
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Looking Forward 

Rehabilitation endeavor* are continuing CO embrace techniques that consider notions of torso 
sta hi ii ry a n d variou s com pcjiwb ts i nv( >1 vi ijg posture, s notor pattend n g p an d appropri a tfi p rogres- 
sive challenge, Many groups continue to work 

* to understand the contributions to stability of various components of the anatomy at 
particular joints— sand the ideal ways to enhance their contribution; 

* 10 understand what magnitudes and patterns of muscle activation a re required to achieve 
sufficient stability while sparing the joints; 

■ to iii end iy rbc best methods ftj reeducate faulty motor control systems to both achieve 
sufficient stability and reduce the risk of inappropriate motor patterns occurring in the 
future; and 

* to develop motor patterns for optima] performance in athletes. 

Collegial efforts between scientists and clinicians continue to develop the scientific founda- 
tion to justify better Sow back injury prevention and rehabilitation approaches. Much remains 
tti be done. 
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EPILOGUE 



ow you have another perspective to employ in your efforts Co prevent and rehabilitate bad 
backs, 1 hope that from now on, when you read that had hacks just happen, or that they cannot 
be diagnosed to guide therapy, or that they are solely the function of ps> r chological factors or the 
compensation system* you. will pau.se and reflect that you are reading the musings of individuals 
who have reached the end of their expertise, 

Not that anyone has all the answers. With each experiment that we perform we may obtain 
some new insight,, hut generally we are confronted with many more questions. So< with each 
experiment we become relatively more aware of what we don't know- 
Consider the viewpoint described in this text and blend it with your own clinical wisdom 
and e.nperiences. The very best clinicians with whom 1 have had rhe pleasure of working had 
wonderful clinical skills and insights but made use of a scientific foundation. 

To the clinicians — I wish the confidence co continue with what you Vnow works and the 
inspiration and leadership to try new approaches when rhings are problematic. To the students 
of clinical disciplines and those involved in the continuing development of the scientific Inun- 
dation — there are so many more exciting experiments to perforin on the wonderful fascination 
that we share, rhe low hack, May we all enjoy the continuing journey. 
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hi Law Hack Disorder; Lviderice-liusxd Prevention ami Hehabitihitioii 
Second hditivn, internationally Kxugnucd low back specialist Sluan 
Ml Gil] prcsunls urigiuul ivstELrL'h Lu quauiUj Llic turt-iss Lli^iL spcLifii; 
movements and LAuivi^y iixipusu on lhe low buiuk. dispels myLhb regarding 
Sspiiie ^LLibiiizcilioii l'aui l 'ibesi > and SiL^^bls pi "L" vviiii w approaches and 
tsUulogics lo uEsei iiijm H ics, reduce pain^ And j^bloiic Tunc Liati. 

The second edition pi^eiiis enhanced d^untlin^ lu ttuide piu^e^ivc 
LliCrapCitliC exeiuise and specially designed patkati a^eb&xnenL pi m oca lion 
le^Ls Lu help you determine die ciiuse ot l>ack uoLibles, guide your choice* 
in the besl ways lo eliminate problems, and improve die development 
ul appropriate kit Li\i lies lui luiicLiuiiaJ gain, Whereas I lie Linsl edition 
Coouscd uii jMCttSl&Lag spine stability, ihv second edition provides new 
iiihjiiiiHiioii uii dealing with both icgluiial iiia Labili lv ui mobility and 
regional ^liiliicss presuiiL iiiiiK.llvidLLi.ili3 w-licit niosL o£ the iiioliuu OCC lix$ 
hL a single spinal segment, 

With Low Back Disorders; M^i^^-Iki^dJ^^mtionuml M^habiliiuiiort, 
Second Ldiikm, vouvvill 

* gain valuable informal ion on measured loading of the back 
dining spucillc activities and apply it tu avoid euiiriiiuii — but 
counterproductive — practices in back rehabilitation; 

* le&ni bow lo analyze each patient s or clients unique physical 
cJiai^ct eristics and .lifestyle factors to tailor preventive measures 
find treatments lu individual needs t 

* learn how to help patients and clients progress through the stages 
of rehabilitation: corrective cxaxisc, stability or mobility, endttrance, 
and strength; and 

* acquire the iiilLuiiialiDu ucccsstuy Lo design an ellcelive iojury- 
pr event ion program- 

Low Back Disorders; hvidenctr-jjQ&d Prvvtrnliau and RtrhitbHitutioiiy 
Second Ldition, is Lhe aiuhariiaiivc text for study, care, and treat iiieiri 
oi the low back lis uuitfue approach lo back Ceire cind prevention will 
£uidc you in developing intervention, eehabiliiaiion, and prevention 
pruxrarcis lo address die unique needs ul each pa Lien L ur client and 
develop a strong scientific foundation lor your practice. 
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